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Executive  Summary 


This  report  presents  a  detailed  seismic  evaluation  of  the  FAA  Airport  Traffic 
Control  Towers  (ATCTs)  located  in  Palo  Alto,  Salinas,  San  Carlos  and  San  Luis 
Obispo,  CA.  The  San  Luis  Obispo  tower  is  a  unique,  eccentrically  braced  steel 
frame  tower.  The  three  other  towers  are  Type  L  towers,  which  are  reinforced 
concrete-frame  structures.  Each  was  evaluated  based  on  the  maximum  consid¬ 
ered  earthquake  defined  by  1997  National  Earthquake  Hazards  Reduction  Pro¬ 
gram  (NEHRP)  Recommended  Provisions  (FEMA  302).  Type  L  and  the  San  Luis 
Obispo  towers  were  evaluated  based  on  several  directions  of  loading  and  an  ex¬ 
treme  assumption  that  the  cab  windows  do  not  fail  and  work  as  fully  effective 
shear  walls. 


Type  L  ATCTs 

The  San  Carlos  ATCT  was  the  most  critical  Type  L  tower,  due  to  excessive  deflec¬ 
tions  in  the  tower  cab.  These  deflections  were  due  to  large  rotations  of  support¬ 
ing  members  at  the  shaft  roof.  The  cab  columns  (comer  mullions)  connection 
base  plates  were  also  overstressed  as  indicated  by  very  large  demand  capacity 
ratios.  Hinges  would  form  at  the  base  of  each  mullion  due  to  base  plate  bending 
failure,  causing  a  collapse  mechanism  at  very  low  seismic  motions. 

An  upgrade  approach  was  developed  and  demonstrated  that  reduces  deflections 
to  acceptable  levels  and  protects  the  vulnerable  connections.  This  upgrade  con¬ 
sists  of  welding  deep  stmctural  tubing  members  to  the  base  of  each  comer  mul¬ 
lion  in  a  pentagon  configuration  as  shown  in  Figure  11  of  the  report.  The  mul¬ 
lions  themselves  were  also  stiffened  and  strengthened  by  welding  5”  x  1.5”  plates 
on  both  faces  of  the  miillions. 


San  Luis  Obispo  ATCT 

The  shaft  braces  were  the  most  critically  stressed  components  in  the  San  Luis 
Obispo  tower  shaft.  These  wovild  buckle  at  several  floor  levels.  However,  when 
the  braces  were  assumed  to  be  tension-only  members,  they  had  adequate  capac- 
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ity.  These  braces  could  yield  slightly,  but  this  would  be  very  limited  and  deflec¬ 
tions  would  be  kept  within  acceptable  levels. 

Deflection  in  the  tower  cab  could  be  large,  but  within  acceptable  levels.  The 
most  vulnerable  cab  component  is  the  connection  of  the  comer  mullions  to  their 
base  plates.  This  vulnerability  is  due  to  shear  failure  of  the  fillet  welds  at  this 
connection.  However,  serious  damage  to  these  connections  should  be  prevented 
by  redistribution  of  forces  to  other  mullions  and  other  building  components. 
Therefore,  the  San  Luis  Obispo  tower  passed  this  evaluation  by  meeting  the  life- 
safety  requirements. 
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Foreword 


This  study  was  conducted  for  the  Northwestern  Division  (NWD)  of  the  U.S. 
Army  Corps  of  Engineers  under  Military  Interdepartmental  Purchase  Request 
(MIPR)  W81THP80338948,  for  which  the  scope  of  work  was  defined  by  the  U.S. 
Army  Construction  Engineering  Research  Laboratories  (USACERL)  proposal 
“Development  of  Analytical  Procedures  and  Seismic  Evaluation  of  Selected  FAA 
Airport  Traffic  Control  Towers  (ATCTs).”  The  technical  monitor  was  Bruce  H. 
McCracken,  CENWD-NP-ET-E. 

This  study  supported  a  larger  project  including  other  Corps  offices,  to  provide  the 
Federal  Aviation  Administration  (FAA)  with  the  information  it  needs  to  formu¬ 
late  a  long-range  plan  to  provide  seismic  upgrades  to  its  most  critical  facilities. 
This  overall  effort  is  defined  in  the  Interagency  Agreement  Between  the  De¬ 
partment  of  Transportation/Federal  Aviation  Administration  and  the  US  Army 
Engineer  Waterways  Experiment  Station  on  behalf  of  the  Corps  of  Engineers. 
This  work  was  in  direct  support  of  Executive  Order  (EO)  12941,  “Seismic 
Evaluations  of  Existing  Federally  owned  or  Leased  Buildings,”  dated  December 
1,  1994;  which  requires  all  Federal  agencies  to  develop  and  submit  “seismic  up¬ 
grade”  cost  estimates  with  supporting  documentation  to  the  Federal  Emergency 
Management  Agency  (FEMA)  not  later  than  December  1, 1998. 

The  work  was  performed  by  the  Engineering  Division  (FL-E)  of  the  Facilities 
Technology  Laboratory  (FL),  USACERL.  The  principal  investigator  for  this  proj¬ 
ect  was  James  Wilcoski.  Ernest  Heymsfield  is  an  assistant  professor  for  the  De¬ 
partment  of  Civil  Engineering  at  Louisiana  State  University.  Larry  M.  Wind- 
ingland  is  Chief,  FL-E,  and  Michael  Golish  is  Operations  Chief,  FL.  The 
USACERL  technical  editors  were  Gordon  L.  Cohen  and  Linda  L.  Wheatley, 
Technical  Information  Team. 

Dr.  Michael  J.  O’Connor  is  the  Director  of  USACERL. 


6 


USACERL  TR  99/04 


Contents 

SF298 . 1 

Executive  Summary . 3 

Foreword . 5 

1  introduction . . 11 

Background . 11 

Objective . 11 

Approach . 12 

Mode  of  Technology  Transfer . 13 

References . . . 15 

Units  of  Weight  and  Measure . 15 

2  Tower  Configurations,  Model  Assumptions,  and  Load  Conditions . 16 

Tower  Foundation  Assumptions . 1 6 

Type  L  Tower  Shaft  Configuration  and  Model . 16 

Type  L  Tower  Cab  Configuration  and  Model . 19 

San  Luis  Obispo  Tower  Shaft  Configuration  and  Model . 23 

San  Luis  Obispo  Tower  Cab  Configuration  and  Model . 26 

Response  Spectra  Development . : . 28 

1991  NEHRP  (FEMA  222)  Based  Response  Spectra . 29 

1997  NEHRP  (FEMA  302)-Based  Response  Spectra . 30 

Load  Combinations . 34 

Story  Drift  and  P-Delta  Effects . -■36 

3  Analysis  Steps  and  Cases . . 39 

Analysis  Steps . 39 

Run  1 . 39 

Run  2 . ■• . 40 

Analysis  Cases . 41 

4  Type  L  Anaiysis  Results . 43 

Salinas  Tower  —  Shaft  Members  and  Connections . 43 

Modal  Analysis  Results  and  Deflections . 44 

Shaft  Member  and  Connection  Evaluation . 47 


USACERLTR  99/04 


7 


San  Carlos  Tower — Cab  Members  and  Connections . 54 

Modal  Analysis  Results  and  Deflections . . . 54 

Cab  Member  and  Connection  Evaluation . 55 

5  Type  L  Seismic  Upgrade  Development . 62 

Description  of  Proposed  Upgrade  for  All  Type  L  Towers . 62 

Salinas  Tower  Upgrade  —  Shaft  Members  and  Connections . 62 

Modal  Analysis  Results  and  Deflections . 63 

Shaft  Member  and  Connection  Evaluation . 63 

San  Carlos  Tower  Upgrade  —  Cab  Members  and  Connections . . 66 

Modal  Analysis  Results  and  Deflections . 66 

Cab  Member  and  Connection  Evaluation . 66 

6  San  Luis  Obispo  Analysis  Results . 70 

Shaft  Members  and  Connections . 70 

Modal  Analysis  Results  and  Deflections . 71 

Shaft  Member  and  Connection  Evaluation . 71 

Cab  Members  and  Connections . 81 

Modal  Analysis  Results  and  Deflections . 81 

Cab  Member  and  Connection  Evaluation . 81 

7  Summary . 89 

Type  LATCTs . 89 

San  Luis  Obispo  ATCT . 89 

Appendix  A  Member  Properties  and  Loads  for  Salinas  Type  L  ATCT . 91 

Appendix  B1  Type  L  Concrete  Bent  Column  at  the  Base  Evaluation . 108 

Appendix  B2  Type  L  Concrete  Bent  Column  at  the  Top  of  the  Shaft  Evaluation . 114 

Appendix  B3  Type  L  Concrete  Bent  Beam  at  the  Top  of  the  Shaft  Evaluation . 120 

Appendix  B4  Type  L  Concrete  Bent  Connection  at  the  Top  of  the  Shaft  Evaluation . 126 

Appendix  B5  Type  L  Concrete  Bent-to-Roof  Beam  Connection  Evaluation . 129 

Appendix  B6  Type  L  Cab  Corner  Mullion  (Columns  1  —4)  Evaluation . 131 

Appendix  B6a  Type  L  Cab  Upgraded  Corner  Mullion  (Columns  1-4)  Evaluation . 140 

Appendix  B7  Type  L  Cab  Corner  Mullion-to-Shaft  Roof  Beam  Connection  Evaluation . 149 

Appendix  B8  Type  L  Cab  Corner  Mullion-to-Shaft  Roof  Beam  Connection  (Col  5) 

Evaluation . 153 

Appendix  B9  Type  L 1 0WF72  Where  it  Crosses  the  16WF88  Shaft  Roof  Beam 

Evaluation . 157 

Appendix  B1 0  Type  L 1 2WF27  Cab  Floor  Beam  Evaluation . 1 66 

Appendix  B1 1  Type  L  Channel  at  the  Base  of  the  Cab  Window  (C4  x  7.25)  Evaluation . 174 

Appendix  B1 2  Type  L  Cab  Interior  Mullion  (S3  x  7.5)  Evaluation . 1 83 

Appendix  B1 3  Type  L  Cab  Conner  Mullion  at  the  Roof  Evaluation . 1 91 

Appendix  B1 4  Type  L  Channel  at  the  Top  of  the  Cab  Window  (C6  x  8.2)  Evaluation . 200 

Appendix  B1 5  Type  L  Upgrade  Structural  Tubing  (TS  20  x  4  x  V2)  Evaluation . 209 


8 


USACERL  TR  99/04 


Appendix  C  Member  Properties  and  Loads  for  San  Luis  Obispo  ATCT . 21 7 

Appendix  D1  San  Luis  Obispo  Shaft  Brace  {L6  x  6  x  %)  Evaluation . 1 . 233 

Appendix  D1  a  San  Luis  Obispo  Shaft  Tension  Only  Brace  (L6  x  6  x  V2)  Evaluation . 238 

Appendix  D2  San  Luis  Obispo  Shaft  Column  (W8  x  31)  Evaluation . 243 

Appendix  D3  San  Luis  Obispo  Shaft  Intermediate  Levels  Beam  (W1 6  x  40)  Evaluation . 251 

Appendix  D4  San  Luis  Obispo  Shaft  Brace-to-Beam  Connection  Evaluation . 259 

Appendix  D5  San  Luis  Obispo  Shaft  Junction  Level  Beam  (W16  x  40)  Evaluation . . 261 

Appendix  D6  San  Luis  Obispo  Brace  Between  Junction  and  Walkway  (L6  x  6  x  Vz) 

Evaluation . 269 

Appendix  D7  San  Luis  Obispo  Beams  at  Base  of  Mullions  (W8  x  35)  Evaluation . 274 

Appendix  D8  San  Luis  Obispo  Cab  Mullion  to  Beam  (W1 0  x  26)  Connection  Evaluation 282 

Appendix  D9  San  Luis  Obispo  Mullion  (TS  8  x  4  x  Vz)  Above  and  ^low  Window 

Evaluation . 285 

Appendix  D1 0  San  Luis  Obispo  Mullion  (TS  8  x  4  x  Vz)  Within  Window  Span  Evaluation .......  293 

Appendix  Dll  San  Luis  Obispo  Tubes  Below  Windows  (TS  7  x  7  x  3/1 6)  Evaluation . 301 

Appendix  D1 2  San  Luis  Obispo  Tubes  Above  Windows  (TS  7  x  7  x  3/1 6)  Evaluation . 309 

Distribution 


USACERLTR  99/04 


9 


List  of  Figures  and  Tabies 

Figures 

1  Sal  inas,  CA,  Type  L  ATCT,  50-ft  tall . 13 

2  San  Carlos,  CA,  Type  L  ATCT,  30-ft  tall . 14 

3  San  Luis  Obispo,  CA,  steel  braced  frame  ATCT,  45-ft  tall . 14 

4  Finite  element  mesh  for  the  50-ft  tall  Salinas  tower . 18 

5  Finite  element  mesh  for  the  30-ft  tall  San  Carlos  tower . 21 

6  Finite  element  mesh  for  the  cab  of  the  San  Carlos  tower . 22 

7  Finite  element  mesh  for  the  45-ft  tall  San  Luis  Obispo  tower . 24 

8  Finite  element  mesh  for  the  cab  of  the  San  Luis  Obispo  tower . ; . 28 

9  1991  NEHRP-based  evaluation  response  spectra,  C^,,, . 30 

1 0  Maximum  considered  earthquake  design  response  spectra . .33 

11  Finite  element  mesh  for  the  upgraded  30-ft  tall  San  Carlos  tower . . . 63 

Tables 

.  1  Summary  of  Type  L  and  San  Luis  Obispo  ATCTs . 12 

2  Salinas  Type  L  Tower  Distributed  Loads . 19 

3  San  Carlos  Type  L  Tower  Distributed  Loads . 22 

4  San  Luis  Obispo  Distributed  Loads . 25 

5  FAA  response  spectra  calculations  based  on  FEMA  302 . 31 

6  Type  L  Analysis  Cases . 42 

7  San  Luis  Obispo  Analysis  Cases . 42 

8  Salinas  (Type  L—  50  ft)  Shaft  Evaluation  Modal  Analysis  Results,  LI ,  L2,  and  L3.  ..45 

9  Salinas  (Type  L-  50  ft)  Shaft  Evaluation  Modal  Analysis  Results,  L4  and  L11 . 45 

1 0  Salinas  Shaft  Evaluation  Selected  Horizontal  SRSS  Deflections . 46 

1 1  Salinas  Tower  Story  Drift  and  P-delta  Effect  Evaluation . 46 

12  Forces,  Moments,  and  DCRs  (LI ,  50-ft  tower,  all  windows,  6^  =  90°,  S^s  =  1 .00g)...49 

1 3  Forces,  Moments,  and  DCRs  (L2,  50-ft  tower,  all  windows,  0l  =  45°,  S^g  =  1  .OOg)  ...50 

14  Forces,  Moments,  and  DCRs  (L3, 50-ft  tower,  all  windows,  0^  =  0°,  Sps  =  I.OOg) . 51 

1 5  Forces,  Moments,  and  DCRs  (L4, 50-ft  tower,  one  window,  0^  =  55.3°, 

Sos  =  I.OOg) . 52 

1 6  Forces,  Moments,  and  DCRs  (L11 , 50-ft  tower,  no  windows,  0l  =  90°, 

Sos  =  I.OOg) . 53 

17  San  Carlos  (Type  L— 30  ft)  Cab  Evaluation  Modal  Analysis  Results . 55 

18  San  Carlos  Cab  Evaluation  Selected  Horizontal  SRSS  Deflections. . 55 

1 9  San  Carlos  Tower  Story  Drift  and  P-delta  Effect  Evaluation . . . 55 


10 


USACERLTR  99/04 


20  Forces,  Moments,  and  OCRs  (L5,  30-ft  tower,  no  windows,  0^  =  0°,  S^s  =  1 .07g).  ...57 

21  Forces,  Moments,  and  OCRs  (L6,  30-ft  tower,  no  windows,  0^  =  90°,  S^s  = 

1 .07g) . 58 

22  Forces,  Moments,  and  DCRs  (L7, 30-ft  tower,  one  window,  0,  =  55.3°,  Sqs  = 

1.07g) . 59 

23  Forces,  Moments,  and  DCRs  (L8, 30-ft  tower,  all  windows,  0^  =  90°,  Sps  =  1 .07g)...60 

24  Corner  Mullion  Base  Connection  Evaluation  -  Forces,  Moments,  and  DCRs 

(L6, 30-ft  tower,  no  windows,  0^  =  90°,  Sds  =  1 .07g) . 61 

25  Corner  Mullion  Base  Connection  Evaluation  -  Forces,  Moments,  and  DCRs 
(Seismic  Factor,  F,  =  0.1055,  L6,  30-ft  tower,  no  windows,  0^  =  90°,  Sqs  = 

0.113g) . . . 

26  Salinas  (Type  L-  50  ft)  Shaft  Upgrade  Modal  Analysis  Results . 64 

27  Salinas  Shaft  Upgrade  Selected  Horizontal  SRSS  Deflections . 64 

28  Salinas  Tower  Upgrade  Story  Drifts . 64 

29  Salinas  Upgrade  Forces,  Moments,  and  DCRs  (LI  3, 50-ft  tower,  all  windows, 

0  =  90°,  SDs=1.00g) . ••••65 

30  San  Carlos  (Type  L-30  ft)  Cab  Upgrade  Modal  Analysis  Results . 67 

31  San  Carlos  Cab  Upgrade  Selected  Horizontal  SRSS  Deflections . 67 

32  San  Carlos  Tower  Upgrade  Story  Drifts . 68 

33  Rotations  at  the  Base  of  the  Mullions  Before  and  After  the  Upgrade . 68 

34  San  Carlos  Upgrade  Forces,  Moments,  and  DCRs  (LI  2, 30-ft  tower,  no 

windows,  =  90°,  S^g  =  1  •07g). . . 69 

35  San  Luis  Obispo  Shaft  Evaluation  Modal  Analysis  Results . 73 

36  San  Luis  Obispo  Shaft  Evaluation  Selected  Horizontal  SRSS  Deflections . 73 

37  Forces,  Moments,  and  DCRs  (SL01 ,  all  windows,  0^  =  90°,  S^s  =  1  -OOg) . 74 

38  Forces,  Moments,  and  DCRs  (SL02,  all  windows,  0^  =  45°,  S^s  =  1  -OOg) . 75 

39  Forces,  Moments,  and  DCRs  (SL03,  all  windows,  0^  =  0°,  S^s  =  1  -OOg) . 76 

40  Braces  Between  Foundation  and  Junction  Level  (SL03,  all  windows,  0,^  =  0°, 

Sgs=1.00g) . 77 

41  Braces  Between  Junction  and  Top  of  Shaft  (SL03,  all  windows,  0^  =  0°,  S^g  = 

I.OOg) . 78 

42  Tension  Braces  Only  (SL03a,  all  windows,  0  =  0°,  Sgs  =  1  .OOg) . 79 

43  Other  Components  w/Tension  Braces  Only  (SL03a,  all  windows,  0^  =  0°,  S^g  = 

I.OOg) . . . . . •; . 80 

44  San  Luis  Obispo  Cab  Evaluation  Modal  Analysis  Results . . . 82 

45  San  Luis  Obispo  Cab  Evaluation  Selected  Horizontal  SRSS  Deflections . ...82 

46  San  Luis  Obispo  Tower  Story  Drifts . 83 

47  Forces,  Moments,  and  DCRs  (SL04,  one  window,  0^  =  1 6.7°,  S^g  =  1  .OOg) . 84 

48  Forces,  Moments,  and  DCRs  (SL05,  no  windows,  0^  =  90°,  Sgg  =  1  .OOg) . 85 

49  Forces,  Moments,  and  DCRs  (SL06,  no  windows,  0,.  =  45°,  Sgg  =  1  .OOg) . 86 

50  Forces,  Moments,  and  DCRs  (SL07,  no  windows,  0^  =  0°,  Sgg  =  1  .OOg) . 87 

51  Mullion  Connections  at  Their  Bases  (SL07,  no  windows,  0^  =  0°,  Sgg  =  1  .OOg) . 88 


USACERLTR  99/04 


11 


1  Introduction 


Background 

This  work  was  conducted  in  response  to  Executive  Order  (EO)  12941,  which 
promulgated  the  National  Earthquake  Hazards  Reduction  Program  (NEHRP) 
Act,  Public  Law  101-614.  EO  12941,  “Seismic  Evaluations  of  Existing  Federally 
owned  or  Leased  Buildings,”  dated  December  1,  1994,  requires  all  Federal  agen¬ 
cies  to  develop  and  submit  “seismic  upgrade”  cost  estimates  with  supporting 
documentation  to  the  Federal  Emergency  Management  Agency  (FEMA)  not  later 
than  1  December  1998. 

The  U.S.  Army  Corps  of  Engineers  assisted  the  Federal  Aviation  Administration 
(FAA)  in  responding  to  this  EO  by  evaluating  the  seismic  resistance  of  many  of 
their  facihties.  The  Northwestern  Division  (NWD),  Waterways  Experiment  Sta¬ 
tion  (WES),  and  Construction  Engineering  Research  Laboratories  (USACERL) 
worked  together  to  deliver  these  evaluations.  The  first  phase  of  the  evaluations 
included  structural  evaluation  and  guidance  for  nonstructural  evaluation  of  FAA 
airport  traffic  control  towers  (ATCTs).  The  Corps  provided  detailed  retrofit  guid¬ 
ance  and  cost  estimates  for  seismically  vulnerable  ATCTs.  These  evaluations 
were  completed  in  1996  for  standard  control  towers  in  Seismic  Zones  3  and  4. 

The  second  phase  of  this  work  began  in  1997,  when  the  Corps  evaluated  mnner- 
ous  other  FAA  facihties. 


Objective 

The  objective  of  this  project  was  to  conduct  life-safety  seismic  evaluations  of  the 
FAA  ATCTs  at  the  California  locations  shown  in  Table  1.  These  structural 
evaluations  included  both  the  tower  shaft  and  cabs.  Retrofit  schemes  were  also 
developed  for  towers  found  to  be  vulnerable. 
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Approach 

This  report  presents  the  evaluation  of  the  Type  L  concrete  frame  towers  and  a 
braced  steel  frame  tower  in  Seismic  Zone  4.  Table  1  is  a  summary  of  the  Type  L 
and  San  Luis  Obispo  steel  braced  frame  ATCTs  taken  from  the  URS  Greiner  fi¬ 
nal  report.* 

Figure  1  shows  the  Salinas  tower,  which  will  have  the  most  critically  loaded 
shaft  of  all  the  Type  L  towers  because  it  has  the  greatest  height  (50  ft).  Some 
interior  members  in  the  shorter  San  Carlos  tower  (Figure  2)  may  be  loaded  more 
severely  than  Salinas,  because  of  the  higher  spectral  acceleration  levels.  There¬ 
fore,  selected  members  and  connections  will  be  evaluated  based  on  the  analysis 
of  the  shorter  San  Carlos  tower.  The  Palo  Alto  and  San  Carlos  towers  are  struc¬ 
turally  identical,  except  that  the  San  Carlos  tower  experiences  greater  seismic 
loads.  Retrofit  schemes  derived  for  the  San  Carlos  tower,  therefore,  would  be 
sufficient  for  the  Palo  Alto  tower. 

The  San  Luis  Obispo  tower  is  a  unique  tower  with  a  steel  braced  frame  shaft  and 
steel  moment  frame  cab.  Figure  3  shows  the  San  Ltus  Obispo  tower.  All  towers 
were  evaluated  for  both  gravity  and  seismic  loading  using  SAP  2000  Finite  Ele¬ 
ment  Method  software.t 


Table  1.  Summary  of  Type  L  and  San  Luis  Obispo  ATCTs. 


California 

Location 

Height  at 
Cab  Base 
(ft) 

Year 

Built 

UBC 

Seismic 

Zone 

FEMA  302  Short 
Period  Spectral 
Acceleration,  S„., 

Construction  Type 

Shaft 

Cab 

Salinas  (SNS) 

50 

1968 

4 

1.00  g 

Reinforced 
concrete  frame 

Steel  moment 
frame 

San  Carlos 
(SQL) 

30 

1969 

4 

1.07  g 

Reinforced 
concrete  frame 

Steel  moment 
frame 

Palo  Alto  (PAG) 

30 

1965 

4 

1.00  g 

Reinforced 
concrete  frame 

Steel  moment 
frame 

San  Luis 

Obispo  (SBP) 

45 

1988 

4 

1.00  g 

Steel  braced 
frame 

Steel  moment 
frame 

URS  Greiner,  Federal  Aviation  Administration  Categorization  of  Airport  Traffic  Control  Towers  (ATCTs)  Seismic 
Screening  of  Terminal  Radar  Approach  Control  (TRACON)  Buildings,  for  the  U.S.  Army  Corps  of  Engineers.  20 
May  1998. 

t  SAP2000  Structural  Analysis  Programs  from  Computers  and  Structures,  Inc.,  Berkeley,  CA. 
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The  ATCTs  shown  in  Table  1  were  evaluated  following  the  steps  presented  in 
Chapter  3,  Analysis  Steps  and  Cases. 


Mode  of  Technology  Transfer 

This  report  will  be  incorporated  into  the  overall  Corps  of  Engineers  effort  to  pro¬ 
vide  the  FAA  with  the  information  it  needs  to  formulate  a  long-range  plan  to 
provide  seismic  upgrades  to  its  most  critical  facilities.  This  report  will  also  con¬ 
tribute  to  the  FAA  response  to  EO  12941  requiring  “Seismic  Evaluations  of  Ex¬ 
isting  Federally  Owned  and  Leased  Buildings.” 


Figure  1.  Salinas,  CA,  Type  L  ATCT,  50-ft  tall. 


Figure  2.  San  Carlos,  CA,  Type  L  ATCT,  30-ft  tall. 


Figure  3.  San  Luis  Obispo,  CA,  steel  braced  frame  ATCT,  45-ft  tall. 
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Units  of  Weight  and  Measure 

U.S.  standard  units  of  measure  are  used  throughout  this  report.  A  table  of  con¬ 
version  factors  for  Standard  International  (SI)  xmits  is  provided  below. 


I  SI  conversion  factors  I 

1  in. 

2.54  cm 

1  ft 

= 

0.305  m 

1  kip  force 

= 

4.45  kN 

1  k-in. 

=: 

113  N-m 

1  ksi 

6.89  MPa 

1  lb  mass 

= 

0.453  kg 

1  Ib/ft 

1 .488  kg/m 

1  pcf 

16.02kg.m= 

1  psf 

4.882  kg/m' 

16 


USACERL  TR  99/04 


2  Tower  Configurations,  Model 
Assumptions,  and  Load  Conditions 


The  analytical  approach  used  included  gravity  and  response  spectrum  analysis, 
first  using  a  linear  d3Tiamic  procedure  (LDP;  FEMA  273,  3.3.2)  and  then  if 
needed  using  a  nonlinear  static  procedure  (NSP),  i.e.,  “pushover  analysis” 
(FEMA  273,  3.3.3).  If  the  LDP  indicates  significant  inelastic  demand  in  a  tower 
shaft,  that  tower  will  be  evaluated  using  the  NSP.  This  inelastic  demand  will  be 
quantified  in  terms  of  demand-capacity  ratios  (DCRs),  from  the  LDP  (FEMA  273, 
2.9. 1.1).  If  any  DCRs  exceed  2.0,  except  for  cab  elements,  the  tower  may  be 
evaluated  using  an  NSP.  DCRs  in  excess  of  2.0  were  expected  in  the  tower  cabs, 
particularly  at  the  window  mullions.  Significant  inelastic  response  of  the  cab 
should  not  have  much  influence  on  the  performance  of  the  tower  shaft.  This  is 
because  of  the  small  weight  of  the  cabs  relative  to  that  of  the  shafts.  Though  the 
cabs  provide  a  very  critical  function,  they  are  similar  to  a  penthouse  appendage. 
More  detailed  evaluation  of  the  cabs  was  performed  if  several  cab  members  or 
connections  had  high  DCRs. 


Tower  Foundation  Assumptions 

The  tower  foundations  were  modeled  as  fixed  bases  (FEMA  273,  3.2. 2. 6;  FEMA 
302,  5.4.4).  Rotation  at  the  base  of  the  structure  would  cause  small  increases  in 
moments  due  to  P-delta  effects.  However,  these  structures  are  relatively  light¬ 
weight  and  P-delta  increases  in  loads  should  be  negligible,  so  this  effect  was  ne¬ 
glected.  Neglecting  base  rotations  also  decreases  calculated  total  deflections.  In 
this  evaluation,  relative  (not  absolute)  displacements  were  most  critifcal  for 
evaluating  tower  vulnerability. 


Type  L  Tower  Shaft  Configuration  and  Modei 

The  Salinas  tower  shaft  is  a  50-ft  tall  reinforced  concrete  frame  and  is  square  in 
plan.  The  tower  shaft  consists  of  four  tapered  bents  (one  at  each  comer)  joined 
at  the  center  of  the  top  of  the  shaft.  These  column  bents  protrude  out  diagonally 
from  the  shaft  corners,  and  taper  from  a  maximum  width  of  82  in.  at  groimd 
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level  to  a  minimum  width  of  36  in.  at  the  top  of  the  shaft  (Drawing  SI;  Corlett  & 
Spackman  1966).  The  vertical  portion  of  three  hents  can  be  seen  in  Figure  1. 
The  horizontal  portion  of  each  concrete  bent  is  24-in.  deep.  The  bents  are  18-in. 
wide  in  both  the  vertical  colximn  and  horizontal  beam  portions.  The  reinforced 
concrete  floor  slabs  are  supported  by  steel  beams,  which  in  turn  frame  into  the 
concrete  bents.  These  beams  are  constructed  with  shear  studs  so  that  they  will 
behave  as  a  composite  section  with  the  floor  slabs.  The  floor  slabs  are  5-m.  thick, 
consist  of  one-way  construction,  with  two  layers  of  niunber  4  bars  at  12  in.  on 
center,  and  span  approximately  7  ft  to  the  beams.  Shear  transfer  from  slab  to 
beam  is  accomplished  using  %-in.  welded  studs  at  12  in.  on  center  along  the 
beam  centerline.  Beams  are  typically  16B26  and  16WF40  (similar  to  currently 
available  W16x26  and  W16x40)  and  they  span  21  ft  to  the  four  comer  coliunns. 
The  column  bents  are  supported  by  reinforced  concrete  grade  beams,  which  act 
both  as  spread  footings  and  tie  elements.  Additionally,  tie  elements  are  provided 
along  the  diagonal  of  the  stmcture,  at  the  foundation,  to  prevent  the  coliunns 
from  spreading  apart  under  gravity  loads. 

The  tower  lateral-load-resisting  system  consists  of  concrete  floor  diaphragms 
that  bear  upon  reinforced  concrete  moment  frames.  The  frames  are  formed  by 
the  four  comer  column  bents,  which  create  two  individual  frames,  one  in  each 
orthogonal  direction  at  the  diagonal  of  the  shaft  plan.  These  columns  extend  to 
the  top  of  the  tower  shaft.  The  column  bents  are  reinforced  with  three  number 
14  bars  at  each  face  (strong  axis  of  columns)  up  to  an  elevation  of  24  ft  6  in.,  plus 
three  additional  munber  14  bars  on  each  face  up  to  an  elevation  of  12  ft  6  in. 
Four  number  5  bars  are  also  located  on  each  face  (weak  axis  of  columns)  that  fan 
out  at  equal  spacing  over  the  entire  elevation  of  the  columns.  Three  number  11 
bars  at  each  face  (strong  axis)  begin  below  the  24  ft  6  in.  elevation  and  are 
spliced  to  the  number  14  bars.  Column  shear  reinforcement  consists  of  number  4 
bar  ties  at  9  in.  on  center  for  the  bottom  25  ft  and  number  4  bars  at  12  in.  on  cen¬ 
ter  for  the  remaining  column  elevation.  The  horizontal  beam  portion  of  the  bents 
are  reinforced  with  three  number  10  bars  at  the  top  and  bottom  of  the  bcEim. 
Additional  reinforcement  is  provided  at  the  comer  of  the  bent.  Shear  reinforce¬ 
ment  of  the  horizontal  beam  portion  of  the  bent  consists  of  niunber  3  bar  ties  at 
12  in.  on  center. 

Each  floor  level  is  connected  at  an  intermediate  point  of  the  frame  columns 
(bents).  Lateral  loads  are  transferred  from  the  floor  diaphragms  to  the  columns 
by  either  compression  bearing  or  by  tension  in  embedded  anchor  bolts.  The  two 
moment  frames  cross  each  other  at  the  center  of  the  shaft  roof  in  plan.  A  hinge 
is  installed  in  each  moment  frame  at  this  location  that  decouples  the  frames  in 
the  two  orthogonal  directions,  allowing  the  frames  to  act  independently.  If  the 
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hinge  were  not  present,  large  torsional  forces  would  be  applied  to  the  frame  ele¬ 
ments  dming  lateral  seismic  motions. 

The  reinforced  concrete  bents  were  modeled  using  beam  elements.  The  lull  gross 
cross-sectional  area  of  the  concrete  was  used  in  these  elements,  as  this  will  pro¬ 
duce  the  largest  forces  and  moments.  The  pinned  bent  connection  at  the  top  of 
the  shaft  was  modeled  as  a  pinned  connection  in  all  three  directions.  The  con¬ 
crete  floors  and  wide  flange  beams  at  each  floor  level  are  modeled  as  rigid  dia¬ 
phragms.  The  concrete  floor  slabs  are  designed  to  behave  composite  with  the 
wide  flange  beams  and  the  section  properties  used  to  model  these  elements  use 
the  effective  width  of  the  concrete  slab.*  The  connections  of  the  floor  wide-flange 
beams  to  the  bents  are  modeled  as  pinned  connections  in  both  principal  axes  of 
the  beams.  The  shaft  roof  does  not  have  a  concrete  slab,  so  this  is  not  modeled  as 
a  rigid  diaphragm.  Figure  4  shows  the  finite  element  mesh  that  represents  the 
shaft  and  cab  of  the  50  foot  tall  Salinas  ATCT. 


Figure  4.  Finite  eiement  mesh  for  the  50-ft  tall  Salinas  tower. 


AISCLRFD,  13.1. 
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Gravity  and  seismic  loads  are  applied  to  the  model  by  including  the  self-weight 
in  appropriate  structural  elements  and  adding  the  effects  of  seismic  loads 
through  the  use  of  a  response  spectrum.  All  self-weight  beyond  that  in  the  struc¬ 
tural  members  is  added  to  the  model  by  adding  to  the  unit  weight  of  beam  mem¬ 
bers  of  the  structure.  Normally  50  percent  of  this  self-weight  was  added  to  the 
beams  at  the  perimeter  of  the  structure  and  the  other  50  percent  to  interior 
beams.  The  weight  of  wall  cladding  and  stairs  was  distributed  equally  between 
the  floor  below  and  above  the  floor.  The  weight  of  interior  partition  walls  and 
doors  was  distributed  with  one-third  to  the  floor  above  and  two-thirds  to  the  floor 
below.  Appendix  A  provides  information  on  the  calculation  of  weights  distributed 
to  each  member.  The  distributed  loads  applied  at  each  floor  level,  not  including 
the  self-weight  of  the  members,  are  summarized  in  Table  2  for  the  Salinas  tower. 


The  effects  of  horizontal  torsion  were  considered  by  offsetting  the  center  of  mass 
of  both  self-weight  and  live  loads  5  percent  of  the  floor  width  in  the  direction 
perpendicular  to  the  primary  (100  percent  response  spectrum)  lateral  loading. 
The  direction  of  mass  offset  is  180  degrees  from  the  maximum  lateral  stiffness, 
so  that  the  maximum  distance,  perpendiciolar  to  the  primary  load,  is  created  be¬ 
tween  the  center  of  stiffness  and  of  mass  (FEMA  273,  3.2.2.2).  This  offset  of  5 
percent  was  obtained  by  factoring  the  member  weight  and  mass  as  shown  in 
Appendix  A.  These  factors  apply  only  to  the  distributed  floor  weight,  not  the 
member  self-weight  or  cladding  weight.  The  gravity  loads  are  applied  in  this 
manner  for  all  floor  levels.  The  actual  loads  placed  on  each  member  are  summa¬ 
rized  in  Appendix  A. 


Table  2.  Salinas  Type  L  Tower  Distributed  Loads. 


Floor  Level 

Partitions 
and  Doors 
(lb) 

Stairs 

(lb) 

Floor 

System 

(lb) 

Mech,  Elec 
and  Misc 
(psf) 

Total 
at  Floor 
(psf) 

Exterior 
Cladding  etc 
(Ib/ft) 

2nd 

2662 

2828 

22171 

15 

93 

195 

3rd 

2515 

2828 

22171 

15 

93 

194 

4th 

3447 

2761 

23325 

15 

95 

41 

1304 

2096 

14824 

5 

43 

94 

Cab  Floor 

329 

133 

17796 

5 

51 

33 

Cab  Roof 

- 

- 

15071 

5 

25 

13 

Type  L  Tower  Cab  Configuration  and  Modei 

The  tower  cab  is  configured  as  a  pentagon  in  plan.  The  lateral  load  resisting  sys¬ 
tem  of  the  tower  cab  consists  of  light  structural  steel  moment  frames.  The  cab 
columns  are  built-up  structural  tubes,  which  are  7-in.  deep  and  4-in.  wide.  The 
columns  also  serve  as  the  window  comer  mullions.  These  will  likely  be  the  most 
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vxilnerable  members  in  the  IVpe  L  towers.  The  cab  floor  is  a  steel  deck  with  a 
cast-in-place  concrete  slab,  supported  with  wide  flange  beams.  The  cab  framing 
is  connected  to  the  shaft  roof  framing,  which  in  turn  is  connected  to  the  concrete 
frames  by  embedded  anchor  bolts.  The  cab  roof  is  a  steel  deck  supported  by  steel 
beams,  which  frame  into  the  supporting  cab  colimins  (window  mullions).  The  top 
and  bottom  of  the  windows  are  supported  with  channel  sections  that  are  oriented 
with  their  strong  axis  perpendicvdar  to  the  plane  of  the  window.  At  the  center  of 
each  face  of  the  cab,  the  windows  are  divided  £uid  supported  by  smaller  interior 
mullions  (S3  x  7.5). 

The  tower  cab  was  modeled  using  beam  elements  for  the  mullions  and  beams. 
Mullion/beam  connections  are  fixed  at  the  base  of  the  mullions  only.  Rigid  dia¬ 
phragms  connect  all  members  at  the  cab  floor  and  roof  levels,  preventing  relative 
horizontal  deflection,  while  allowing  vertical  flexure.  The  cab  roof  and  floor  are 
both  modeled  as  rigid  diaphragms,  even  though  only  the  cab  floor  has  a  concrete 
slab.  The  rigid  diaphragm  at  the  roof  is  slightly  unconservative  for  members  in 
the  roof,  because  it  will  eliminate  weak  axis  bending  and  axial  loading  on  the 
beam  elements  at  this  level.  However,  these  loads  would  be  insignificant,  plus 
the  steel  roof  deck  wiU  in  reality  provide  a  degree  of  rigidity,  especially  in  the 
weak  axis  direction  of  the  beams,  which  is  the  direction  of  roof  deck  corrugation. 
The  rigid  roof  diaphragm  will  more  realistically  provide  the  model  performance 
that  will  more  heavily  load  critical  cab  members. 

Cab  windows  have  often  failed  in  past  earthquakes  because  stress  concentra¬ 
tions  form  where  the  brittle  glass  comes  in  contact  with  the  frame.  However,  if 
the  glass  does  not  fail,  and  it  effectively  works  with  the  window  mullions  and 
other  window  frame  members,  it  will  perform  as  a  stiff  shear  wall.  This  condi¬ 
tion  will  load  the  cab  members  below  the  window  more  severely,  plus  it  will  load 
the  shaft  more  heavily.  The  stiffness  of  the  cab  wiU  increase  significantly,  so  that 
the  natural  period  decreases,  which  will  couple  the  first  mode  of  the  cab  with  the 
first  mode  of  the  shaft.  This  decrease  in  period  will  also  increase  the  effective 
acceleration  of  the  cab  due  to  the  shape  of  the  response  spectra.  Therefore,  the 
worst  case  shaft  evaluation  will  be  the  case  where  all  the  cab  windows  act  as 
fully  effective  shear  walls.  This  is  modeled  by  increasing  the  moment  of  inertia 
of  the  members  aroimd  the  perimeter  of  the  window  to  equal  the  shear  stiffiiess 
of  the  windows. 

The  cab  of  the  30-ft  tall  San  Carlos  tower  is  identical  to  the  Salinas  tower’s  cab, 
but  will  be  more  severely  loaded  at  the  cab  because  of  the  shorter  tower  height 
making  it  stiffer  with  a  smaller  natural  period  and  higher  effective  acceleration. 
The  cab  will  also  be  more  severely  loaded  due  to  the  higher  spectral  acceleration 
values  at  San  Carlos.  In  particular,  the  San  Carlos  spectrum  is  greater  at  higher 
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periods  that  correspond  to  the  natural  period  of  the  cabs.  Therefore,  Type  L  cab 
evaluation  will  be  based  on  the  San  Carlos  tower.  Figure  5  shows  the  finite  ele¬ 
ment  mesh  that  represents  the  shaft  and  cab  of  the  30-ft  tedl  San  Carlos  ATCT. 
Figure  6  shows  the  model  for  the  cab  by  itself.  This  figure  shows  the  shape  and 
orientation  of  each  structural  member.  The  distributed  loads  applied  at  each 
floor  level,  not  including  the  self-weight  of  the  members,  are  siimmarized  in  Ta-. 
ble  3  for  the  San  Carlos  tower. 


Figure  5.  Finite  eiement  mesh  for  the  30-ft  tail  San  Carlos  tower. 


USACERL  TR  99/04 


Figure  6.  Finite  element  mesh  for  the  cab  of  the  San  Carlos  tower. 


Table  3.  San  Carlos  Type  L  Tower  Distributed  Loads. 


Floor  Level 

Partitions 

and  Doors 
(lb) 

HSI 

HH 

Mech,  Eiec 
and  Misc 
(psf) 

Totai 
at  Floor 
(psf) 

Exterior 
Cladding  etc 
(Ib/ft) 

2nd 

3602 

2761 

23325 

15 

96 

191 

1304 

2096 

14824 

5 

46 

94 

Cab  Floor 

329 

133 

17796 

5 

51 

33 

Cab  Roof 

- 

- 

15071 

5 

25 

13 

Loads  were  distributed  along  the  horizontal  beam  members  at  the  cab  floor, 
channels  above  and  below  the  windows,  mullions,  and  roof.  The  cab  gravity 
loads  are  calculated  as  shown  in  Appendix  A,  and  summarized  for  the  cab  floor 
and  roof  in  Table  3.  The  seismic  loads  are  applied  using  the  response  spectra  as 
in  the  tower  structure.  As  with  the  shaft,  the  weights  and  masses  are  distrib¬ 
uted  so  as  to  provide  5  percent  eccentricity  of  the  distributed  weight  at  the  cab 
floor  and  roof  levels.  The  weight  and  mass  of  exterior  cladding  and  window  glass 
are  assumed  to  be  uniformly  distributed  around  the  building  perimeter  without 
any  offset  (eccentricity).  The  cab  window  loads  can  be  summarized  as  follows: 

•  Plate  glass  density  =161  pcf^ 


1 994  AISC  LRFD,  Table  7-4,  Weights  and  Specific  Gravities,  p  7-6. 
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•  Single  3/8  in.-thick  pane 

•  161  pcf  X  0.375  in./12  in./ft  =  5.03  psf 

•  Total  weight  per  window  pane  =  5.03  psf  x  56.23  sf  =  283  lb 

•  Distribute  this  weight  equally  to  the  members  around  the  window  perimeter, 
283  lb/398  in.  =  0.711  Ib/in. 


San  Luis  Obispo  Tower  Shaft  Configuration  and  Modei 

The  San  Luis  Obispo  tower  was  built  in  1988.  The  tower  is  45  ft  tall  at  the  cab 
base,  48  ft  at  the  cab  floor  and  64  ft  at  the  top  of  the  parapet.  The  shaft  is  square 
in  plan  with  its  sides  measuring  20  ft  in  length.  The  tower  construction  consists 
of  structural  steel  framing  covered  with  insulated  metal  panel  siding. 

The  vertical  load  resisting  system  consists  of  concrete-topped  metal  decking  sup¬ 
ported  by  wide  flange  steel  beams  and  columns  that  bear  on  concrete  founda¬ 
tions.  Typical  floor  framing  consists  of  1-1/2-in.  deep,  20  gauge  metal  decking, 
topped  with  2-1/2-in.  of  concrete  fill.  The  floor  slab  spans  as  much  as  7  ft  to  the 
beams.  Interior  beams  are  W12  x  30,  and  the  supporting  beams  aroxmd  the  pe¬ 
rimeter  that  frame  into  the  columns  are  W14  x  34,  W16  x  40,  and  W16  x  45.  The 
floor  supporting  steel  beams  do  not  include  shesir  studs,  so  that  the  concrete  is 
not  designed  to  act  as  a  composite  section  with  the  beams.  The  columns  are  W8 
x  31  for  the  lower  23  ft  of  the  tower  shaft  and  W8  x  24  to  the  top  of  the  shaft. 
The  foundation  consists  of  6  ft  x  6  ft  x  18-in.  deep  spread  footings  imder  each 
column. 

The  tower  lateral  load  resisting  system  consists  of  an  eccentric  braced  steel 
frame,  located  symmetrically  aroimd  the  tower  perimeter.  These  braces  are  L6  x 
6  X  single  angles  with  bolted  connections.  These  braces  frame  into  the  beams 
so  that  the  center  4-ft  3-in.  portion  of  the  beam  is  loaded  eccentrically.  These 
portions  of  the  beam  (a  shear  link)  will  carry  large  shear  and  moment  loads  and 
is  intended  dissipate  energy  in  an  earthqueike.  Additional  W8  x  21  stub  columns 
are  added  to  the  story  below  the  shaft  roof,  below  the  base  of  the  cab  mullions. 
These  work  with  the  braces  and  beam  below  to  form  a  partial  truss  for  canying 
gravity  and  seismic  loads  from  the  cab. 

All  structviral  members  were  modeled  iising  beam/column  frame  elements.  The 
concrete  floors  at  each  floor  were  modeled  as  rigid  diaphragms.  The  shaft  roof, 
however,  does  not  have  a  concrete  slab  or  even  a  roof  deck,  because  the  cab  and 
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walkway  around  the  cab  perimeter  cover  the  entire  shaft.  All  connections  be¬ 
tween  the  Columns,  beams,  and  braces  in  the  shaft  were  modeled  as  pinned. 
Figure  7  shows  the  finite  element  mesh  for  both  the  shaft  and  cab  of  the  San 
Luis  Obispo  steel  braced  frame  tower. 


Figure  7.  Finite  element  mesh  for  the  45-ft  tall  San  Luis  Obispo  tower. 


USACERLTR  99/04 


25 


Gravity  and  seismic  loads  were  applied  to  the  model  by  including  the  self-weight 
in  appropriate  structural  elements  and  adding  the  effects  of  seismic  loads 
through  the  use  of  a  response  spectrum.  All  self-weight  beyond  that  in  the  struc- 
tiaral  members  was  added  to  the  model  by  adding  to  the  unit  weight  of  beam 
members  of  the  structure.  Normally  50  percent  of  this  self-weight  was  added  to 
the  beams  at  the  perimeter  of  the  structure  and  the  other  50  percent  to  interior 
beams.  At  the  top  of  the  shaft,  75  percent  of  the  self- weight  beyond  the  members 
was  added  to  the  perimeter  beams  and  the  remaining  25  percent  to  the  interior 
beams.  This  level  does  not  have  a  floor  slab,  so  that  most  of  the  load  at  this  level 
is  near  the  building  perimeter  (from  the  walkway  and  cladding). 

The  weight  of  wall  cladding,  partition  walls,  and  doors  was  distributed  with  one- 
third  to  the  floor  above  and  two-thirds  to  the  floor  below.  The  w^l  cladding  dis¬ 
tribution  differs  from  the  Type  L  distribution,  which  was  distributed  equally  to 
the  floor  above  and  below.  The  weight  of  stairs  was  distributed  equally  between 
the  floor  above  and  floor  below.  Appendix  C  provides  information  on  the  calcula¬ 
tion  of  weights  distributed  to  each  member.  The  distributed  loads  applied  at 
each  floor  level,  not  including  the  self-weight  of  the  members,  are  summarized  in 
Table  4  for  the  San  Luis  Obispo  tower. 


As  with  the  Type  L  towers,  the  effects  of  horizontal  torsion  were  considered  by 
offsetting  the  center  of  mass  of  both  self-weight  and  live  loads  5  percent  of  the 
floor  width  in  the  direction  perpendicular  to  the  primary  lateral  loading.  The 
actual  loads  placed  on  each  member  to  achieve  this  eccentricity  are  summarized 
in  Appendix  C. 


Table  4.  San  Luis  Obispo  Distributed  Loads*. 


Floor  Level 

Partitions 
and  Doors 
(lb) 

nisi 

mBBm 

Mech,  Elec 
and  Misc 
(psf) 

Total 
at  Floor 

(psf) . 

Exterior 
Cladding  etc 
(Ib/ft) 

Intermediate  2 

8200 

4282 

11941 

15 

77 

36 

Intermediate  3 

7663 

4282 

11941 

15 

75 

36 

Junction 

11621 

4467 

11690 

15 

89 

47 

Cab  Access 

2890 

2541 

3113 

15 

25 

0 

Top  of  Shaft 

6657 

1103 

18809 

5 

75 

27 

Cab  Floor 

1062 

193 

10339 

5 

60 

109 

Cab  Roof 

0 

0 

5687 

5 

21 

60 

The  top  of  shaft  floor  system  weight  includes  the  walkway  around  the  cab  perimeter.  The  cab  floor  and  cab  roof 
cladding  weights  include  the  weight  of  the  glass  and  the  parapet  cladding  respectively.  The  areas  of  openings  are 
included  in  areas  used  in  calculating  the  “Total  at  Floor  (psf).” 
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San  Luis  Obispo  Tower  Cab  Configuration  and  Model 

The  San  Luis  Obispo  tower  cab  is  configured  as  a  hexagon  in  plan.  The  lateral 
load  resisting  system  of  the  tower  cab  consists  of  light  structural  steel  moment 
frames.  The  cab  columns  are  made  from  TS  8  x  4  x  structural  tubing  mem¬ 
bers.  The  columns  also  serve  as  the  window  comer  mtdlions.  These  will  likely 
be  the  most  vulnerable  members  in  the  San  Luis  Obispo  towers.  The  cab  col¬ 
umns  are  welded  to  base  plates,  which  are  in  turn  welded  to  beams  at  the  top  of 
the  shaft.  The  welded  connection  from  this  base  plate  to  the  beams  is  critical 
and  details  on  the  drawings  are  incomplete.  Field  inspection  revealed  that  the 
base  plate  is  welded  aroimd  its  entire  perimeter  to  the  supporting  beam  flange. 
The  cab  floor  is  a  steel  deck  with  a  cast-in-place  concrete  slab,  supported  with 
wide  flange  beams.  These  beams  are  connected  to  the  cab  columns  with  shear 
connections.  The  cab  roof  is  a  steel  deck  supported  by  wide  flange  beams,  which 
frame  into  the  supporting  cab  columns  (window  mullions),  using  shear  connec¬ 
tions.  Horizontal  structural  tubing  members  (TS  7  x  7  x  3/16)  span  the  cab  col¬ 
umns  above  and  below  the  windows  and  support  the  windows.  These  horizontal 
tubes  are  connected  to  the  columns  with  full  pehetration  grove  welds  all  around 
the  tube,  making  these  moment  connections.  At  the  center  of  each  face  of  the 
cab,  the  windows  are  divided  and  supported  by  smaller  interior  mullions  made  of 
TS  4  X  2  X  3/16  structural  tubes.  These  interior  mullions  are  weldedt  to  sup¬ 
porting  TS  7  X  7  X  3/16  members  at  both  their  tops  and  bottoms,  making  these 
moment  connections.  Above  the  cab  roof,  another  horizontal  TS  7  x  7  x  3/16 
structural  tube  member  frames  into  the  cab  columns  at  the  top  of  the  parapet 
wall.  These  members  are  also  welded  to  the  cab  colmnns  with  a  full  penetration 
grove  weld  forming  a  moment  connection. 

The  tower  cab  was  modeled  using  beam/column  ft’ame  elements  for  the  columns 
and  beams.  Column/beam  connections  are  fixed,  at  their  base,  bottom  and  top  of 
windows  and  at  the  top  of  the  cab  parapet.  Connections  between  the  column  and 
beams  at  the  cab  floor  and  roof  levels  are  modeled  as  pinned  because  they  are 
shear  connections.  Rigid  diaphragms  connect  all  members  at  the  cab  floor  and 
roof  levels,  preventing  relative  horizontal  deflection,  while  allowing  vertical  flex¬ 
ure.  The  cab  roof  and  floor  are  both  modeled  as  rigid  diaphragms,  even  though 
only  the  cab  floor  has  a  concrete  slab.  The  rigid  diaphragm  at  the  roof  is  slightly 
unconservative  for  members  in  the  roof,  because  it  will  eliminate  weak  axis 


Inspected  by  Gary  Benson  (FAA  representative  at  San  Luis  Obispo)  on  11  August  1998. 
t  Based  on  field  inspection. 
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bending  and  axial  loading  on  the  beam  elements  at  this  level.  However,  these 
loads  would  be  insignificant,  plus  the  steel  roof  deck  will  in  reality  provide  a  de¬ 
gree  of  rigidity,  especially  in  the  weak  axis  direction  of  the  beams,  which  is  the 
direction  of  roof  deck  corrugation.  The  rigid  roof  diaphragm  wiU  more  realisti¬ 
cally  provide  the  model  performance  that  will  more  heavily  load  critical  cab 
members. 

As  explained  in  the  Type  L  tower  cab  model  assumptions,  the  worst  case  shaft 
evaluation  will  be  the  case  where  all  the  cab  windows  act  as  fully  effective  shear 
walls.  This  is  modeled  by  increasing  the  moment  of  inertia  of  the  members 
around  the  perimeter  of  the  window  to  equal  the  shear  stiffness  of  the  windows. 
Figure  8  shows  the  San  Luis  Obispo  cab  model,  including  members  at  the  shaft 
roof  level  and  above.  This  figure  shows  the  shape  and  orientation  of  each  struc¬ 
tural  member. 

Loads  were  distributed  along  the  horizontal  beam  members  at  the  cab  floor, 
tubing  above  and  below  the  windows,  and  roof  and  tubing  at  the  top  of  the  para¬ 
pet.  The  cab  gravity  loads  are  calculated  as  shown  in  Appendix  C  and  summa¬ 
rized  for  the  cab  floor  and  roof  in  Table  4.  The  seismic  loads  are  applied  using 
the  response  spectra  as  in  the  tower  structure.  As  with  the  shaft,  the  weights 
and  masses  are  distributed  to  provide  5  percent  eccentricity  of  the  distributed 
weight  at  the  cab  floor  and  roof  levels.  The  weight  and  mass  of  exterior  cladding 
and  window  glass  are  assumed  to  be  uniformly  distributed  around  the  building 
perimeter  without  any  eccentricity.  The  cab  window  loads  can  be  summarized  as 
follows*: 

•  Glass  weight  (1-in.  thick  pane)  =15  psf^  (180  pcf) 

•  T3tal  weight  per  window  pane  =  15  psf  x  5.4  ft  x  7.8  ft  =  634  lb 

•  Distribute  one-third  and  two-thirds  of  this  weight  to  the  TS  7  x  7  x  3/16  tubes 
above  and  below  the  windows,  respectively. 


Win(jow  weight  calculations  differe(j  slightly  from  the  Type  L  towers  as  shown  here. 
1  1994  AISC  LRFD,  Table  7-5,  Weights  of  Building  Materiais,  p  7-7. 
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Figure  8.  Finite  element  mesh  for  the  cab  of  the  San  Luis  Obispo  tower. 


Response  Spectra  Development 

Evaluation  response  spectra  were  developed  based  on  both  the  1991  NEHRP 
(FEMA  222)  guidance  and  the  current  1997  NEHRP  (FEMA  302).  FEMA  222  is 
used  because  the  results  of  these  evaluations  shoiild  be  consistent  with  the  ear¬ 
lier  Standard  ATCT  evaluation  in  UBC  Seismic  Zones  3  and  4.  FEMA  302  is 
used  because  it  is  current  guidance  with  an  improved  more  refined  definition  of 
seismic  hazard.  These  two  spectra  are  compared  and  are  found  to  produce  seis¬ 
mic  hazard  definitions  that  are  reasonably  consistent  with  one  another.  Finally, 
the  FEMA  302  spectrum  definition  of  seismic  hazeird  is  used  for  all  evaluations. 
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1991 NEHRP  (FEMA  222)  Based  Response  Spectra 

The  modal  seismic  design  coefficient,  is  given  by  Equation  1  (from  FEMA 
222,  Equation  5-3): 

C  =1:^^  [Eql] 

'^sm  ^ 

m 

where: 

=the  effective  peak  velocity-related  acceleration  in  g’s  (from  FEMA 
222,  Map  2),  and  a  value  of  0.4  g  was  xised  for  each  tower. 

S  =the  site  coefficient  (from  FEMA  222,  Table  3.1).  An  S2  soil  profile 
was  used  in  earlier  evaluations  with  a  value  of  1.2,  and  is  again  used 
here. 

R  =  the  response  modification  factor  (defined  in  FEMA  222,  Table  3.3). 
Because  this  evaluation  is  based  on  a  pushover  analysis  procedure, 
it  was  decided  to  evaluate  them  assuming  elastic  response  by  as¬ 
suming  an  R  factor  of  1.0. 

T^  =  the  modal  period  of  vibration  in  seconds  for  the  mth  mode  of  the 
building. 

The  modal  seismic  design  coefficient,  is  limited  to  a  maximum  value,  C^Max, 
given  by  Equation  2: 

where: 

A^  =  the  effective  peak  acceleration  in  g’s  (from  FEMA  222,  Maps  1);  a 
value  of  0.4  g  was  used  for  each  tower. 

The  FEMA  222-based  evaluation  spectra  are  plots  of  these  modal  seismic  design 
coefficients,  shown  in  Figure  9. 
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Figure  9.  1991  NEHRP-based  evaluation  response  spectra, 


1997  NEHRP  (FEMA  302)-Based  Response  Spectra 

The  Seismic  Performance  Objective  for  all  of  these  towers  is  Substantial  Life 
Safety,*  because  all  of  them  are  noncritical  power  facilities.  This  performance 
objective  equates  to  the  Seismic  Use  Group  I  in  FEMA  302.  Because  soil  condi¬ 
tions  are  imknown,  a  Site  Class  D  is  conservatively  asstimed  (FEMA  302, 
4. 1.2.1).  The  maximum  considered  earthquake  design  spectrum  is  defined  for 
each  tower  based  on  the  variables  given  in  Table  5.  These  are  based  on  the 
FEMA  302  design  maps  for  short  period,  Sg,  and  at  1  second,  Sj,  for  5  percent 
damped  spectral  response  acceleration  (FEMA  302,  4.1.1).  The  spectral  quanti¬ 
ties  used  to  define  these  spectra  are  given  in  Table  5  for  each  tower.  For  Site 
Class  D  values  of  site  coefficients,  F,  and  F„  are  1.0  and  1.5  respectively  for  all 
the  towers  being  evaluated  here  (FEMA  302,  Tables  4.1.2.4a  and  4.1.2.4b). 


U.S.  Army  Corps  of  Engineers,  Seismic  Design  for  Buildings,  Tl  809-04, 1998. 
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Table  5.  FAA  response  spectra  calculations  based  on  FEMA  302. 


California  Location 

Ss 

(9) 

Si 

(9) 

Sms 

(9) 

Smi 

(9) 

Sds 

(g) 

Sdi 

(9) 

To 

(sec) 

Ts 

(sec) 

Salinas 

1.50 

0.60 

1.50 

0.90 

1.00 

0.60 

0.12 

0.60 

San  Carlos 

1.60 

0.90 

1.60 

1.35 

1.07 

0.90 

0.17 

0.84 

Palo  Alto 

1.50 

0.60 

1.50 

0.90 

1.00 

0.60 

0.12 

0.60 

San  Luis  Obispo 

1.50 

0.60 

1.50 

0.90 

1.00 

0.60 

0.12 

0.60 

The  TnflYiTnnm  considered  earthquake  spectral  response  acceleration  for  short 
periods  (8^,3)  and  at  1  second  adjusted  for  site  class  effects  are  calculated  as 
follows  (FEMA  302,  Equations  4.1.2.4-1  and  4.1.2.4-2): 

(Eq3] 


and 


[Eq4] 


These  values  define  the  elastic  spectra.  The  values  are  reduced  to  define  design 
earthquake  spectral  response  acceleration  at  short  periods,  Spg,  and  at  1-second 
period,  S^,  as  follows  (FEMA  302,  Equations  4.1.2.5-1  and  4.1.2.5-2): 


[Eq  5] 


and 


[Eq  6] 


From  these  terms,  design  response  spectra  are  developed  for  each  of  the  tower 
locations.  For  the  natural  period  of  the  structure  (T),  this  spectrum  defines  val¬ 
ues  of  effective  acceleration.  The  three  regions  of  this  spectrum  are  defined  as 
follows: 

•  For  periods  less  than  or  equal  to  T^,  the  design  spectral  acceleration,  S^,  shall 
be  (FEMA  302,  Equation  4.1.2.6-1): 

S,  =  0.6-^r  +  0.4S„s 

'0 


[Eq  7] 
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•  For  periods  greater  than  or  equal  to  T„  and  less  than  or  equal  to  Tg,  the  de¬ 
sign  spectral  response  acceleration,  S^,  shall  be  taken  as  equal  to  Spg. 

•  For  periods  greater  than  Tg,  the  design  spectral  response  acceleration,  S^, 
shall  be  (FEMA  302,  Equation  4.1.2.6-3): 


where 

T  =  the  fundamental  period  of  the  structure  in  seconds 

T„  =0.2S„/S,3 

Ts  =Sp/Sds. 

Figure  10  shows  these  design  response  spectra  for  the  towers  in  Table  1.  Reli¬ 
ability  factors,  p,  were  calculated,  and  found  to  be  less  than  1.0  for  each  tower,  so 
that  a  value  of  1.0  is  used  (FEMA  302,  5.2.4.2).  This  is  a  factor  for  the  extent  of 
structural  redundancy. 


The  modal  seismic  response  spectra,  are  calculated  from  the  design  response 
spectra  (Figure  10),  using  the  following  equation  (FEMA  302,  Equation  5.4.5-3): 


In  these  evaluations,  R  and  I  values  of  1.0  are  used  so  that  the  modal  seismic  re¬ 
sponse  coefficient,  is  the  same  as  the  design  response  spectra,  S^.  However, 
R  values  of  1  are  used  for  each  tower  because  the  response  spectra  generated  is 
used  for  pushover  analysis  where  the  analysis  assumes  a  linear  response.  Mem¬ 
ber  and  connections  being  evaluated  may  have  demand-capacity  ratios,  DCRs  as 
great  as  2.0,  and  be  considered  to  pass  evaluation  without  further  evaluation. 
For  those  members  with  DCRs  greater  than  2.0,  hinges  will  be  placed  at  joints, 
and  ftuther  load  applied. 
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Figure  10.  Maximum  considered  earthquake  design  response  spectra. 

Figure  10  shows  the  FEMA  222  spectrum  plotted  along  with  the  FEMA  302  spec¬ 
tra  for  all  the  towers.  This  figure  demonstrates  that  the  new  spectra  are  rea¬ 
sonably  consistent  with  the  spectrum  used  in  the  earlier  evaluations.  The  San 
Carlos  spectrum  is  an  exception,  where  the  spectral  acceleration  values  are  sig¬ 
nificantly  greater  at  periods  greater  than  0.5  seconds.  The  primary  modes  that 
dominate  the  response  of  the  cab  are  at  periods  of  1.27  and  0.78  seconds.  At 
these  periods,  the  spectral  accelerations  are  0.71  and  1.07  g  for  the  FEMA  302 
San  Carlos  spectrum,  0.47  and  0.77  g  for  the  other  FEMA  302  location  spectra, 
and  0.49  and  0.68  g  for  the  FEMA  222  spectrum.  Modes  of  vibration  that  control 
response  of  the  shaft  are  only  slightly  influenced  by  the  difference  in  spectra  be¬ 
cause  their  periods  (0.60  and  0.55  seconds  for  Salinas  and  0.39  and  0.38  seconds 
for  San  Luis  Obispo)  fall  within  the  period  range  where  the  spectral  accelera¬ 
tions  are  1.0  g  (slightly  less  for  FEMA  222).  The  San  Carlos  tower  was  evaluated 
with  the  spectrum  shown  in  Figure  10,  with  a  slightly  greater  spectral  amplitude 
of  1.07  g  for  the  periods  that  control  the  response  of  the  shaft  (0.45  and  0.28  sec¬ 
onds).  However,  for  the  Type  L  towers,  the  taller  Salinas  tower  has  a  more  criti¬ 
cal  shaft,  so  the  higher  amplitude  San  Carlos  spectrum  does  not  control  the  vul¬ 
nerability  of  the  Type  L  shaft  components.  Therefore,  the  vulnerability  of  the 
shaft  components  based  on  the  FEMA  302  spectra  is  consistent  with  their  vul¬ 
nerability  had  they  been  based  on  FEMA  222  spectrum.  In  a  similar  manner,  the 
difference  in  vulnerability  of  particular  structural  components,  between  the  1991 
and  1997  NEHRP  spectra,  can  be  evaluated.  For  any  member  or  connection,  the 
mode(s)  of  vibration  that  dominate  their  vulnerability  can  be  determined  (based 
on  mode  shapes  and  participating  mass),  and  the  spectral  acceleration  between 
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the  1991  and  1997  spectra  compared  to  assess  that  component’s  difference  in 
vulnerability. 


Load  Combinations 

Combination  of  Load  effects  were  evaluated  for  the  worst-case  combinations  of 
horizontal  and  vertical  loads,  together  with  gravity  loads.  The  effect  of  seismic 
loads,  E,  when  the  horizontal  and  gravity  loads  are  additive  is  represented  by 
(FEMA  302,  Equation  5.2.7-1): 

E=p,Of +0.2SosO 

where 


E  =  the  effect  of  horizontal  and  vertical  earthquake-induced  forces 

D  =  the  effect  of  dead  load 

Qj.  =  the  effect  of  horizontal  seismic  forces. 

For  all  the  control  towers,  at  all  floor  levels  p,,  =  1,  so  that 

E  =  O^+0.2SdsD  [Eqll] 

The  effect  of  seismic  loads,  E,  when  the  horizontal  and  gravity  loads  counteract 
each  other  was  represented  by  (FEMA  302,  Equation  5.2. 7-2): 

E=p,Q^-02SosD  =  Qe-0.2SosD  [Eq  12] 

The  gravity  loads  (Qq)  were  combined  as  follows  when  the  effects  of  gravity  are 
additive  with  seismic  loading  (FEMA  273,  3.2.8,  Equation  3.2): 

Og=1.1(Od  +  Ol  +  Qs)  [Eql3] 

When  the  effects  of  gravity  counteract  seismic  loads,  Qq  becomes  (FEMA  273, 
Equation  3.3): 


Qq  =  O.90o 


[Eq  14] 
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where: 

Qjj  =  the  full  weight  of  the  structure 

=  the  effective  live  load  equal  to  25  percent  of  the  unreduced  design 
load  plus  100  percent  of  partition  walls  and  attached  equipment 

Qg  =  the  effective  snow  load,  which  is  taken  as  20  percent  (25  percent  in 
1997  UBC,  Section  1612.3.2)  of  the  design  snow  load  when  the  de¬ 
sign  snow  load  is  at  least  30  psf.  For  all  tower  locations  shown  in 
Table  1,  the  design  snow  load  is  less  than  30  psf,  so  the  effective 
snow  load  was  zero  for  all  towers  being  evaluated  here. 

The  effects  of  gravity  load  (dead,  live,  and  snow)  and  seismic  forces  were  com¬ 
bined  as  follows  when  the  effect  of  gravity  and  seismic  loads  are  additive  by 
combining  Equations  11  and  13: 

Qq  +  E  =  1  .1(Od  +  Ol  +  Qs)  +  Qe  +  0.2SdsD  [Eq  15] 

The  weight  calculations  summarized  in  Tables  2—4  include  the  actual  dead  load, 
Qp,  and  live  load,  Q^.  These  combined  loads.  Gravity,  are  the  gravity  loads,  D, 
that  were  multiplied  by  0.2Sps  to  calculate  the  vertical  seismic  loads.  The  effec¬ 
tive  snow  load,  Qg,  is  zero  for  all  the  tower  locations  in  Table  1.  Using  the  values 
of  Sps  in  Table  5,  Equation  15  becomes  the  following  for  all  the  towers  in  Table  1, 
except  for  San  Carlos: 

Og  +  E  =  1  A{Gravity)  +  +  0.2Sos{Gravity)  =  1 .3{Gravity)  +  [Eq  16] 

The  San  Carlos  tower  has  a  spectrum  response  acceleration  at  short  periods,  S^g 
of  1.07  g,  so  that  Equation  15  becomes  the  following: 


Qq  +  E  =  1 .  ^Gravity)  +  0^  +  0.2SDs{Gravity)  =  1 .31 4{Gravity)  +  [Eq  17] 
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The  effects  of  gravity  load  (dead,  live,  and  snow)  and  seismic  forces  were  com¬ 
bined  as  follows  when  the  effects  of  gravity  counteract  seismic  loads,  by  combin¬ 
ing  Equations  12  and  14: 


Qj  -  E  =  0.9(Od  +  Ql)  -Qe-  0.2SdsD 


[Eq  18] 


The  weight  calculations  siunmarized  in  Tables  2  through  4  include  the  actual 
dead  load,  Q^,  and  live  load,  Q^.  Equation  18  includes  the  actual  live  loads,  so 
that  the  combined  loads  were  the  same  Gravity  value  as  in  Equations  16  and  17. 
Vertical  seismic  load  is  the  same  as  in  Equation  16,  but  with  the  opposite  sign 
because  seismic  forces  counteract  the  effects  of  gravity.  Equation  18  became  the 
following  for  all  the  towers  in  Table  1,  except  for  San  Carlos; 

Oq  -  E  =  0.9{Gravity)  -  -  0.2Sos(Grawfy)  =  0.7{Gravity)  -  [Eq  19] 

The  San  Carlos  tower  has  spectral  response  acceleration  at  short  periods,  S^g  of 
1.07  g,  so  that  Equation  18  became  the  following: 

Qg-E  =  0.9{Gravity)  -Q^-  0.2Sos{Gravity)  =  0.686(  Grawfy)  -  [Eq  20] 

The  member  and  connection  forces  and  deflections  were  calculated  by  combining 
the  square  root  of  the  sum  of  the  squares  (SRSS)  of  the  various  modal  contribu¬ 
tions  of  the  response  spectrum  analysis  of  each  tower  (FEMA  302,  5.4.8).  The 
finite  element  software  used  for  this  analysis,  SAP2000,  has  an  option  to  com¬ 
bine  the  modal  contributions  based  on  the  SRSS,  and  this  feature  was  used  here. 

A  response  spectrum  analysis  was  performed  with  a  model  that  includes  enough 
modes  in  both  orthogonal  (horizontal)  directions  so  that  at  least  90  percent  of  the 
building  mass  was  included  in  the  participating  mass  (FEMA  302,  5.4.3).  The 
modal  contributions  to  calculating  the  member  and  connection  forces,  base  reac¬ 
tions,  and  displacements  were  combined  by  the  SRSS.  Each  tower  was  evalu¬ 
ated  by  appl3dng  100  percent  of  the  lateral  response  spectrum  based  loading  in 
one  direction  and  30  percent  of  the  spectrum  in  the  perpendicular  lateral  direc¬ 
tion  (FEMA  273  3.2.7). 

Story  Drift  and  P-Delta  Effects 

Story  drifts  were  calculated  directly  from  this  analysis.  Story  drifts  are  the  max¬ 
imum  difference  in  displacements  at  one  floor  level,  5^,  and  the  floor  level  below, 
j,  for  a  given  colunrn.  For  the  tower  cab,  this  became  the  maximum  difference 
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in  displacement  at  the  cab  roof  and  floor  for  a  given  window  comer  mullion. 
These  displacements  are  the  SRSS  of  the  calculated  displacements  in  the  x  and  y 
direction  (orthogonal  horizontal  directions)  in  the  model.*  The  x  and  y  displace¬ 
ments  were  calculated  by  SAP2000  based  on  the  SRSS  of  each  of  the  modal  con¬ 
tributions  of  displacements  at  the  particular  joint  in  question.  In  this  elastic 
analysis  (no  pushover),  the  elastic  deflections  shoxild  be  amplified  as  follows 
(FEMA  302,  Equation  5.3.7.1): 


[Eq  21] 


where: 

=  the  deflection  amplification  factor — a  value  of  4.0  could  be  used  for 
all  towers  (FEMA  302,  Table  5.2.2) 

8^^  =  the  deflection  determined  by  elastic  analysis 

I  =  the  occupancy  importance  factor,  which  for  Seismic  Use  Group  I  is 

1.0. 


The  amplification  expressed  in  Equation  21  applies  only  to  the  cab  steel  frame 
elements,  as  the  concrete  bent  elements  in  the  Type  L  towers  remain  essentially 
elastic,  even  based  on  an  analysis  with  an  R  value  of  1.  However,  had  the  smaly- 
sis  and  resulting  deflections  been  based  on  seismic  forces  defined  by  the  R  values 
given  in  FEMA  302,  Table  5.2.2  (R  value  of  at  least  4),  these  deflections  would  be 
proportionately  smaller.  Therefore,  the  deflections  used  to  evaluate  drift  limita¬ 
tions  were  modified  as  follows,  where  the  effects  of  R  value  and  deflection  ampli¬ 
fication  factor,  Cj,  canceled  each  other  out,  because  calculated  elastic  deflections 
were  based  on  R  values  of  1: 


8 

'  Rl  (4)(1) 


[Eq22) 


Table  11  gives  examples  of  such  displacements  for  the  Salinas  tower. 
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These  deflections,  for  a  given  column,  were  used  to  calciilate  story  drifts,  A^,  as 
follows: 


Ac=5x-5,_i 

These  calculated  story  drifts  must  be  less  than  the  allowable  story  drifts,  A^,  cal¬ 
culated  as  follows  (FEMA302,  5.2.8,  Table  5.2.8  and  5.3.7.1): 

=  0.020/7^  24] 


where: 

h^  =  the  story  height  below  level  x. 

P-delta  effects  on  story  shears  and  moments,  the  residting  member  forces  and 
moments,  and  the  story  drifts  induced  by  these  effects  are  not  required  to  be  con¬ 
sidered  when  the  stability  coefficient,  6,  as  determined  by  Equation  25,  is  equal 
to  or  less  than  0.10  (FEMA302,  5.3. 7. 2): 

Q  _  [Eq25] 

VAxC, 

where: 

Pjj  =  the  total  weight  above  or  at  level  x 

V,  =  the  seismic  shear  force  acting  between  level  x  and  x  -  1 

Cj  =  the  deflection  amplification  factor.  A  value  of  1  is  used  because  the 
story  drifts,  A„,  are  based  on  deflections,  5„  that  have  not  been  am¬ 
plified  with  values  of  as  explained  above. 

For  the  towers  evaluated  here,  the  stability  coefficient,  6,  was  well  below  0.10  for 
the  tower  shafts  and  cabs.  No  correction  to  calculated  story  drifts,  A^,  was 
needed  for  P-delta  effects. 
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3  Analysis  Steps  and  Cases 


The  following  steps  were  taken  to  conduct  an  analysis  of  each  controlling  tower 
configuration  or  case  using  SAP2000  finite  element  software.  Several  cases  were 
evaluated  because  different  tower  configurations  or  load  directions  were  more 
critical  for  various  members  or  connections  than  others,  and  this  approach  al¬ 
lowed  a  thorough  evaluation  of  the  Type  L  and  San  Luis  Obispo  tower  vulner¬ 
abilities.  Steps  1  through  3  were  followed  for  each  analysis  case.  The  remaining 
steps  would  have  been  used  for  only  the  controlling  cases  if  a  push-over  analysis 
were  needed  to  evaluate  the  vulnerability  of  a  tower.  Such  evaluations  would  be 
based  on  the  analysis  cases  where  a  member  or  connection  DCR  both  exceeds  2.0 
and  is  the  greatest  for  all  cases  of  the  tower  being  evaluated.  Push-over  analysis 
was  not  needed  for  any  of  the  tower  evaluations  presented  here,  but  the  proce¬ 
dure  is  described  because  it  shows  the  context  for  the  analysis  conducted.  In  the 
San  Lms  Obispo  tower  evaluation,  many  compression  braces  buckled.  Step  5a 
was  used  in  analysis  case  SL03a  to  evaluate  this  tower  by  removing  compression 
braces,  so  that  the  remaining  braces  were  tension  only. 


Analysis  Steps 

The  following  steps  outline  the  approach  used  to  evaluate  each  controlling  con¬ 
figuration  of  the  Type  L  or  San  Luis  Obispo  towers.  More  than  one  step  was 
taken  in  most  SAP2000  analysis  runs,  and  these  steps  are  shown  in  terms  of  the 
Run  number. 

Run  1 

1.  Gravity  load  alone  was  first  apphed  to  the  towers. 

2.  A  modal  analysis  was  conducted  to  define  the  periods  and  mode  shapes. 

SAP2000  uses  this  information  to  define  the  distribution  of  lateral  seismic  loads 
apphed  to  the  structure.  These  loads  are  based  on  mode  shapes  and  period  of 
each  mode  and  the  effective  acceleration  based  on  the  spectral  acceleration  for 
each  mode  defined  by  the  response  spectrum. 
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3.  The  model  was  analyzed  for  the  horizontal  earthquake  ground  motions  using  the 
response  spectra  analysis  procedure.  Vertical  ground  motions  were  accoimted  for 
by  multiplying  the  gravity  load  effect  by  the  factors  defined  in  Equations  16, 17, 
19,  and  20. 

4.  When  a  member  or  connection  has  a  DCR  greater  than  2.0,  for  the  gravity  (step 
1)  and  full  elastic  earthquake  spectra  (step  3),  a  seismic  factor  (F^ )  was  calcu¬ 
lated.  This  is  the  factor  of  seismic  load  that,  together  vidth  gravity,  gives  a  DCR 
equal  to  1.0  for  the  failed  component.  The  loads  and  deflections  for  the  entire 
structure  were  recorded  at  this  factored  load.  If,  for  example,  all  the  corner  mul- 
hons  near  their  bases  have  a  similar  DCR  and  it  is  over  2.0,  an  Fj  value  should  be 
determined  for  which  the  average  comer  muUion  DCR  is  equal  to  1.0.  This  is  the 
point  at  which  muUion  yielding  occurred  and  a  hinge  has  formed  at  the  base  of 
each  muUion.  This  was  done  for  the  San  Carlos  Type  L  tower  evaluation,  where 
F,  equaled  0.1055.  However,  this  resulted  in  a  coUapse  mechanism  and  push¬ 
over  analysis  was  not  needed. 

Run  2 

5.  If  needed  the  model  would  be  modified  to  reflect  the  yielded  condition  and  the 
analysis  continued  as  summarized  below: 

a.  If  compression  members  buckle,  their  capacity  in  compression  would  be 
reduced  to  zero.  Under  this  condition,  these  members  would  be  removed. 
Modal  analysis  would  be  repeated  with  the  modified  model.  The  mode 
shapes  and  frequencies  would  be  checked  against  the  initial  modal  analy¬ 
sis  (Run  1),  to  validate  behavior.  The  new  structure  would  be  reanalyzed 
for  the  total  gravity  and  seismic  loads  as  presented  below.  However,  for 
the  control  towers  with  relatively  little  redundancy,  it  is  xinlikely  that 
they  would  be  able  to  pick  up  the  full  gravity  and  seismic  load  after  a 
critical  highly  stressed  member  buckles. 

b.  If  members  yield  in  tension  or  bending,  the  applied  loads  at  these  loca¬ 
tions  would  not  be  aUowed  to  increase  further  with  increasing  displace¬ 
ments  (i.e.,  a  flat  stress  versus  strain  curve  for  additional  loading).  This 
would  be  the  case  if,  for  example,  the  mullions  fail  in  bending  near  their 
base.  Hinges  would  be  placed  at  these  locations,  and  modal  analysis 
would  be  repeated  with  the  modified  model.  The  mode  shapes  and  peri¬ 
ods  wotdd  be  checked  against  the  initial  modal  analysis  (Run  1),  to  vali¬ 
date  behavior.  The  new  structure  would  be  analyzed  for  the  additional 
seismic  loads  only  (loads  beyond  the  factored  seismic  loads,  Fj).  Member 
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loads  from,  this  analysis  would  be  added  to  the  factored  load  determined 
in  Step  4,  and  new  DCR  values  determined. 

6.  If  needed,  the  seismic  analysis  would  be  repeated  with  the  seismic  loads  only 
(both  horizontal  and  vertical).  If  new  yielding  of  members  or  connection  fail¬ 
ure  occurs  before  the  full  seismic  load  is  carried,  a  second  seismic  factor  (F^) 
is  calculated  for  that  point  at  which  the  second  yielding  occms.  The  applied 
load  would  be  factored  up  (F3,...,FJ  imtil  further  yielding,  collapse  of  the 
structure,  or  the  frill  seismic  loading  is  carried. 

7.  Steps  5  and  6  are  repeated,  as  needed,  imtil  further  yielding,  collapse,  or  the 
full  seismic  load  is  carried. 

8.  The  results  of  the  various  load  steps  were  summed  in  a  spreadsheet.  The  re¬ 
sulting  applied  loads  for  critical  members  and  connections  were  compared 
against  the  capacity  of  that  component  in  a  MathCAD*  model  that  represents 
the  capacity  of  the  component  at  its  loaded  condition. 

9.  Total  lateral  displacements  were  presented  for  the  maximum  displacement  at 
each  critical  floor  level  or  elevation  in  the  tower. 

10.  If  a  push-over  analysis  was  carried  out,  story  shear  would  be  plotted  with  re¬ 
spect  to  story  drift  (maximum  horizontal  displacement)  at  critical  floors  or 
elevations  in  the  tower.  Calculated  drifts  would  be  compared  with  allowable 
story  drift  for  these  structures  (0.02  h^). 

Analysis  Cases 

The  model  configurations  and  loading  directions,  0^  (shown  in  Tables  6  and  7) 

were  used  to  evaluate  the  Salinas  and  San  Carlos  Type  L  and  San  Luis  Obispo 

braced  frame  towers. 


MathCAD  software  is  a  product  of  MathSoft  Inc,  Cambridge,  MA. 
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Table  6.  Type  L  Analysis  Cases. 


Critical 

Component 

Tower 

Location 

Tower 

Height 

Windows 
Acting  as 
Shear  Walls 

Full  Spectrum 
Direction,  Q* 

Shaft 

Salinas 

50  ft 

All 

90  deg. 

Shaft 

Salinas 

All 

45  deg. 

HSSI 

Shaft 

Salinas 

All 

Odeg. 

MflPM 

Shaft 

Salinas 

One 

19.3  deg. 

Cab 

San  Carlos 

None 

Odeg. 

Cab 

San  Carlos 

BPflW 

None 

90  deg. 

L7-30 

Cab  &  Shaft 

San  Carlos 

30  ft 

One 

19.3  deg. 

L8-30 

Cab  &  Shaft 

San  Carlos 

30  ft 

All 

90  deg. 

L9-30 

Cab  &  Shaft 

All 

45  deg. 

BBiiM 

Cab  &  Shaft 

San  Carlos 

30  ft 

All 

0  deg. 

Cab  &  Shaft 

Salinas 

50  ft 

None 

90  deg. 

San  Carlos 

mm 

90  deg. 

L13-50 

E!ISii^9| 

Salinas 

All 

90  deg. 

Table  7.  San  Luis  Obispo  Analysis  Cases. 


Case# 

Critical  Component 

Full  Spectrum 
Direction,  6^* 

SL01 

Shaft 

All 

90  deg. 

SL02 

Shaft 

liBSi 

All 

45  deg. 

SL03 

Shaft 

All 

0  deg. 

SL03a 

Tension  braces  only 

45  ft 

All 

0  deg. 

SL04 

Cab  &  Shaft 

45  ft 

One 

16.7  deg. 

SL05 

Cab 

45  ft 

None 

SL06 

Cab 

45  ft 

None 

45  deg. 

SL07 

Cab 

45  ft 

None 

0  deg. 

Angle  of  primary  loading,  counter  clockwise  to  the  X-axis. 
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4  Type  L  Analysis  Results 

All  lype  L  towers  were  analyzed  using  SAP2000  and  MathCAD  member  and 
connection  evaluation  files.  The  SAP2000  analysis  modeled  the  towers  and  de¬ 
fined  component  demand  in  terms  of  displacements  and  member  forces  and  mo¬ 
ments.  The  MathCAD  files  determine  member  and  connection  capacity  and  de¬ 
mand  capacity  ratios,  DCR,  based  on  the  SAP2000  forces  and  moments.  The 
first  section  of  these  results  focuses  on  the  tower  shaft  evaluation,  which  is  con¬ 
trolled  by  the  taller  50-ft  Salinas  tower.  The  second  section  focuses  on  the  cab 
evaluation,  which  is  controlled  by  the  shorter  30-ft  San  Carlos  tower.  Table  6 
summarized  all  the  cases  used  to  evaluate  the  Type  L  towers.  Each  section  in 
this  report  presents  the  modal  analysis  results,  deflections,  story  drifts,  forces, 
and  moments  of  critical  members  and  cormections,  and  the  resulting  DCR.  The 
towers  may  fail  evaluation  based  on  either  exceeding  drift  limits,  or  high  DCRs 
that  lead  to  collapse  of  the  towers.  Code-based  design  resistance  factors  have 
been  dropped  (i.e.,  set  to  1.0)  for  the  purpose  of  eveduating  structursd  members. 
The  design  resistance  factors  are  included  in  the  evaluation  of  connections,  as 
such  failure  must  be  prevented  because  they  would  fail  in  a  more  brittle  manner 
than  the  structural  members. 


Salinas  Tower  -  Shaft  Members  and  Connections 

The  most  critical  condition  in  the  Salinas  shaft  evaluation  is  the  extreme  condi¬ 
tion  where  the  cab  windows  all  remain  intact  and  act  as  fully  effective  shear 
walls  (analysis  Cases  LI  through  L3  and  L13).  This  will  decrease  the  fundamen¬ 
tal  period  of  the  structure  and  will  increase  the  effective  acceleration  and  there¬ 
fore  load  the  shaft  members  and  connections  more  severely.  The  assumption  of 
the  windows  acting  as  fiilly  effective  shear  walls  is  unreahstic,  but  it  provides  an 
upper  bound  basis  for  evaluating  the  effect  of  the  windows  remaining  intact. 
This  effect  is  modeled  by  defining  the  shear  stiffness  of  the  window  if  it  acts  as  a 
shear  block.  The  properties  of  all  members  around  the  window  perimeters  are 
then  increased  so  their  bending  stiffness  equals  the  combined  stiffness  of  the 
windows  as  shear  blocks,  plus  the  actual  bending  stiffness  of  the  members.  In 
the  actual  Type  L  tower  cabs,  the  connections  between  the  muUions  and  channels 
above  and  below  the  windows  are  pinned,  but  these  are  changed  to  “fixed”  to  rep¬ 
resent  the  effect  of  the  windows  acting  as  shear  walls.  Analysis  Cases  LI,  L2, 
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and  L3  evaluate  the  performance  of  the  Salmas  tower  with  the  windows  acting 
as  shear  walls  with  the  full  seismic  response  spectrum  acting  at  90,  45,  and  0 
degrees  to  the  X-axis  (0,^).  The  X-axis  orientation  is  shown  on  the  model  plot  in 
Figure  4.  This  axis  is  along  the  front  face  of  the  tower  as  shown  on  Drawing  S2 
(Corlett  &  Spackman  1966)  for  all  three  Type  L  towers. 

Another  possible  case  is  the  condition  where  only  one  window  remains  intact. 
Case  L4  represents  this  condition  where  only  one  window  acts  as  a  shear  wall. 
The  location  of  the  center  of  mass  (for  5  percent  accidental  eccentricity)  is  placed 
farthest  away  from  the  plane  of  this  shear  wall  window.  This  will  create  the 
greatest  distance  between  the  center  of  mass  and  center  of  stiffness  in  the  plan 
of  the  building  and  will  create  the  greatest  torsional  response  of  the  tower  shaft. 
The  resultant  direction  of  the  100  percent  full  seismic  spectrum  loading  plus  the 
30  percent  orthogonal  spectrum  is  parallel  to  this  shear  wall  window,  to  create 
the  worst  torsional  response.  The  window  mullion  at  the  stairway  (Col  5  on 
Drawing  S3  and  S4,  section  9;  Corlett  &  Spackman  1966)  has  a  much  deeper 
cross-section  than  the  other  mullions.  This  mullion  is  12-in.  deep  at  the  base 
compared  to  the  others,  which  are  7  in.  Therefore,  this  mtillion  tends  to  attract 
more  load.  This  shear  wall  mullion  is  placed  along  side  the  stiffer  mullion  to  far¬ 
ther  increase  the  distance  between  the  center  of  stiffness  and  center  of  mass  in 
plan. 

Finally,  Case  Lll  is  the  50-ft  Salinas  tower  without  any  shear  walls.  This  model 
was  evaluated  for  the  full  seismic  spectrum  at  only  90  degrees  because  this  pro¬ 
vided  the  most  severe  loading  for  critical  shaft  components. 

Modal  Analysis  Results  and  Deflections 

Table  8  presents  the  primary  modes  of  vibration  for  the  Type  L,  Cases  LI,  L2, 
and  L3  evaluations.  The  cumulative  participating  mass  shows  that  a  much 
greater  portion  of  the  mass  participates  in  the  first  X  and  Y  lateral  modes  than 
in  the  Lll  case  (Table  9),  for  the  same  tower  without  the  windows  acting  as 
shear  walls.  This  demonstrates  that  the  cab  is  more  coupled  with  the  tower 
shaft  vibration  in  the  first  mode,  and  this  will  more  heavily  load  the  shaft  com¬ 
ponents  due  to  higher  effective  accelerations. 

Table  10  summarizes  maximum  lateral  deflections  at  each  floor  level  and  other 
key  locations  in  the  control  towers  for  the  shaft  evaluation  cases.  All  deflections 
are  the  SRSS  of  the  total  X  and  Y  lateral  deflections.  The  shaft  deflections  are 
greater  for  the  shear  wall  window  cases  (LI  -  L3)  because  of  the  coupling  and 
higher  effective  accelerations  described  above.  Cab  deflections  for  the  cases  of 
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Table  8.  Salinas  (Type  L-50  ft)  Shaft  Evaluation 


_  L1.L2.L3 _ 

Cumulative  Participating  ' 

Period  _ Mass  (%) _ 

X-dir  I  Y-dir  I  Z-dir 


0.7 


52.0 


52.0 


59.1 


67.4 


67.4 


68.6 


Modal  Analysis  Results,  LI,  L2,  and  L3. 


Mode  of  Vibration 


0.0 

1“  Torsion 

0.1 

f'Y-Lateral 

0.1 

1“  X-Lateral 

0.3 

2""  Torsion/Y-Lateral 

0.8 

Y-Lateral/Torsion 

0.8 

2""  X-Lateral/Torsion 

11.0 

1“  Vertical/cab  floor  &  roof 

11.1 

3"^  Torsion 

11.1 

2""  Vertical/cab  roof  &  floor 

11.3 

3"*  X-Lateral/cab  rockin 

12.0 

3"*  Y-Lateral/cab  rockin 

4  Y-Lateral/cab  vertical 


4*  X-Lateral/cab  vertical 


3"*  Vertical/4"’  floor  &  roof 


4"' Vertical/2'’"  &  S'"  floor 


B9H 

0.077 

85.2 

39.6 

4“’  Torsion 

56 

0.048 

87.5 

46.6 

4'"  Y-Lateral 

58 

0.046 

94.0 

46.6 

4""  X-Lateral 

Table  9.  Salinas  (Type  L-50  ft)  Shaft  Evaiuation  Modal  Analysis  Resuits,  L4  and  L11. 


Mode 

# 

L11 

Mode  of  Vibration 

L4 

Period 

(sec) 

Period 

(sec) 

Cumulative  Participating 
Mass (%) 

X-dir 

Y-dir 

Z-dir 

1 

1.351 

4.6 

3.5 

1"  Torsion 

1.342 

2 

1.300 

12.6 

0.0 

1“  Y-Lateral 

1.006 

3 

0.828 

14.8 

12.6 

0.0 

X-Lateral 

4 

0.550 

18.9 

12.9 

0.0 

2~'  Torsion/X-Lateral 

0.653 

5 

0.468 

21.5 

64.2 

0.1 

2""  Y-Lateral 

0.500 

6 

0.463 

66.0 

66.7 

0.1 

2""  X-Lateral 

0.463 

11 

66.7 

66.8 

10.0 

1  “  Vertical/cab  floor  &  roof 

0.204 

12 

0.189 

67.3 

66.9 

10.0 

3'"Torsion 

25 

0.113 

74.6 

71.8 

12.9 

3'"  X-Lateral/cab  rocking 

0.097 

0.111 

81.5 

74.6 

13.0 

3""  X-Lateral/cab  rocking 

0.112 

0.106 

81.8 

79.7 

13.1 

3""  Y-Lateral/cab  rocking 

0.108 

83.2 

81.2 

^^9 

2""  Vertical/4*’ floor 

0.094 

34 

83.2 

85.3 

■SEH 

3'"  Y-Lateral/cab  vertical 

35 

0.094 

83.2 

85.3 

32.4 

3'"  Vertical/2'’"  &  3'"  floor 

0.094 

39 

83.3 

85.5 

38.1 

4“’  Vertical/shaft  roof 

0.091 

44 

85.3 

85.6 

4"’  Torsion 

,0.077 

69 

0.048 

87.5 

92.1 

4"’  Y-Lateral 

0.048 

71 

0.046 

94.0 

93.7 

46.6 

4“’  X-Lateral 

0.046 
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Table  10.  Salinas  Shaft  Evaluation  Selected  Horizontal  SRSS  Deflections. 


LI 

L2 

L3 

L4 

L 

IB 

Joint 

Sxe 

Joint 

8. 

Joint 

m 

Location 

■SSI 

# 

(in.) 

# 

(in.) 

# 

■Pb 

2"^  Floor,  6, 

0.25 

0.31 

204 

0.35 

0.34 

204 

— 

1.00 

mm 

■  1.21 

304 

1.37 

1.29 

304 

iBQI 

mum 

^£9 

mam 

Em 

2.61 

rnsm 

mm 

asm 

KE9 

4.01 

EB 

607 

4.98 

603 

601 

KE3 

EB 

BE9 

Bottom  of 
Windows 

706 

701 

B 

n 

B 

Top  of  Windows 

810 

801 

EES 

818 

10.67 

lism 

911 

BIS 

mm 

901 

asm 

921 

12.14 

EB 

13.33 

shear  wall  windows  are  unrealistically  low  because  of  the  shear  wall  window 
stiffening.  These  cases  are  intended  for  shaft  evaluation  only,  and  will  produce 
unrealistic  results  in  the  cab.  Case  Lll,  without  the  shear  wall  windows,  shows 
that  the  cab  will  experience  significant  deflections.  These  deflections  are  even 
greater  for  the  San  Carlos  tower  cab  evaluation,  which  will  be  discussed  in  the 
section  for  that  tower. 


Table  11  presents  the  Safinas  tower  story  drifts.  The  only  level  exceeding  the 
acceptable  limits  is  in  the  cab  between  the  shaft  roof  and  cab  floor.  Drifts  are 
much  greater  in  the  San  Carlos  cab  evaluation  and  will  be  discussed  in  that  sec¬ 
tion  of  this  report. 


Table  11.  Salinas  Tower  Story  Drift  and  P-delta  Effect  Evaluation. 


Location 

Story 

Elev 

Yx 

(in.) 

Story 
Height 
hsx  = 
Yx*Yx.i 

(in.) 

Allow 

Story 

Drift 

Aa 

(in.) 

Analysis 
Case  Joint 

# 

Calc 
Elastic  Story 
DefI  Drift 

5x  Ac 

(in.)  (in.) 

Gravity  Seismic 
Load  Shear 
above  Yx  Force 
Px  Vx 

(kips)  (kips) 

story 

Stability  Drift  w/ 
Coeff  P-delta 

0  Ac 

(in.) 

Ground  Floor 

0 

L3 

102 

0.00 

• 

2nd  Floor 

134 

134 

L3 

204 

0.35 

0.35 

3rd  Floor 

278 

144 

L3 

304 

1.37 

1.02 

4th  Floor 

422 

144 

2.88 

L3 

404 

2.83 

1.46 

Shaft  Roof 

582 

160 

L3 

508 

4.46 

1.63 

Shaft  Roof 

582 

160 

LI 

513 

3.43 

Cab  Floor 

620 

38 

0.76 

LI 

607 

4.98 

1.55 

60 

115 

0.021 

1.55 

Cab  Roof 

777 

157 

3.14 
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Shaft  Member  and  Connection  Evaluation 

Tables  12  through  16  present  the  force  and  moment  summary  for  the  most  criti¬ 
cally  stressed  members  and  connections.  These  tables  also  present  the  DCRs  for 
each  of  these  critical  components.  The  force,  moment,  and  DCR  tables  (e.g..  Ta¬ 
bles  12  through  16)  contain  the  following  information  in  table  columns  (left  to 
right)  as  defined  below: 

•  Component  =  the  description  of  the  critical  building  member  or  connection 
being  evaluated. 

•  Drawing/Section  #  =  the  building  drawing  and  section  number  that  defines 
the  component  being  evaluated.  When  multiple  members  are  being  evalu¬ 
ated,  the  critical  member  is  underlined  in  the  coliimn. 

•  Member  ID/End  =  the  building  finite  element  model  member  number  and 
joint  number  for  the  most  critically  loaded  (in  terms  of  DCR)  member  or  con¬ 
nection  of  the  particular  component  being  evaluated. 

•  Length  =  the  length  in  inches  when  the  component  being  evaluated  is  a 
building  member. 

•  Load  TVpe  =  the  description  of  the  type  of  load  for  which  the  forces  and  mo¬ 
ments  are  determined  —  i.e..  Gravity,  horizontal  seismic  forces,  and  vertical 
seismic  forces  (either  30  or  31.4  percent  of  gravity). 

•  P  =  the  axial  force  in  kips  where  tension  is  positive. 

•  V2  or  Vy  =  the  shear  force  in  kips  applied  to  the  component  in  the  strong  axis 
of  the  member  from  which  the  force  was  obtained. 

•  V3  or  Vx  =  the  shear  force  in  kips  applied  to  the  component  in  the  weak  axis 
of  the  member  from  which  the  force  was  obtained. 

•  T  =  the  torsional  moment  in  kip-inches  applied  to  the  component  from  the 
end  of  member  for  which  the  torsion  was  obtained. 

•  M2  or  My  =  the  moment  in  kip-inches  applied  to  the  component  in  the  weak 
axis  of  the  member  from  which  the  force  was  obtained. 

•  M3  or  Mx  =  the  moment  in  kip-inches  applied  to  the  component  in  the  strong 
axis  of  the  member  from  which  the  force  was  obtained. 


48 


USACERLTR  99/04 


•  DCR  =  the  demand  capacity  ratio.  The  component  being  evaluated  meets  the 
requirements  of  this  life-safety  evaluation  if  the  DCR  values  fall  below  2.0. 

•  App  #  =  the  appendix  number  for  the  MathCAD  fdes  that  define  the  capacity 
definition  for  the  component  being  evaluated.  The  total  applied  forces  and 
moments  presented  in  these  tables  are  entered  into  these  files  to  define  the 
DCR  for  these  particular  forces  and  moments.  Appendices  B1  through  B14 
define  the  capacity  of  all  IVpe  L  tower  components  being  evaluated  using  the 
forces  and  moments  from  the  LI  analysis  only.  Tables  13  through  15;  20 
through  25;  29  and  34  reference  the  same  Appendices  but  iise  different  forces 
and  moments  to  determine  their  DCRs.  Appendix  B15  defines  the  capacity  of 
a  structxiral  tube  member  used  in  the  tower  retrofit.  Values  from  this  evalua¬ 
tion  are  only  used  in  the  upgrade  analysis  as  presented  in  Tables  29  and  34. 
The  tables  and  the  report  Table  of  Contents  define  the  particular  component 
for  which  capacity  is  determined  in  each  of  the  appendices. 

Case  LI  with  the  full  seismic  spectrum  at  90  degrees  to  the  X-axis  (Oj^  =  90°) 
gives  the  worst  loading  for  critical  shaft  members  and  connections.  The  highest 
shaft  DCR  is  at  the  horizontal  portion  of  the  column  bent,  at  the  bent  comer  at 
the  roof.  This  has  a  DCR  of  2.11,  which  is  above  2.0.  As  was  described  earlier, 
DCRs  up  to  2.0  are  acceptable  because  of  the  conservative  use  of  an  R  value  of 
1.0  in  the  analysis.  The  highest  DCR  of  2.11  is  with  the  full  seismic  loading  at 
55.3  degrees  and  with  one  window  acting  as  a  shear  wall  (case  L4).  The  conser¬ 
vative  assumption  of  the  shear  walls  acting  as  fully  effective  shear  walls  results 
in  loading  the  horizontal  portion  of  the  bent  much  more  heavily  This  influence 
can  be  seen  by  comparing  the  maximum  DCR  of  this  member  in  the  LI  and  Lll 
analyses  cases.  The  LI  and  Lll  analysis  are  identical  except  that  the  LI  as¬ 
sumes  aU  windows  act  as  shear  walls  and  this  yields  a  DCR  of  2.03,  whereas  Lll 
assumes  no  shear  walls  and  this  3delds  a  DCR  of  1.69.  The  shear  wall  assump¬ 
tion  is  very  conservative,  and  the  horizontal  portion  of  the  bent,  as  well  as  all 
other  members  and  connections  of  the  shaft,  are  therefore  judged  to  meet  the  re¬ 
quirements  of  this  Hfe-safety  evaluation.  Tables  12  through  16  show  that  comer 
mullions  and  the  channels  above  and  below  windows  have  DCRs  well  above  2.0. 
These  members  are  in  the  cab  and  cab  elements  will  be  evaluated  in  the  San 
Carlos  tower  evaluation,  which  is  even  more  critical  for  cab  components. 
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Table  12.  Forces,  Moments,  and  OCRs  (LI,  50-ft  tower,  all  windows,  6^  =  90°,  =  1.00g). 


d 

e 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 
0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 
Total 


Drawing/ 
Section  # 

Member 

ID/End 

SI 

NPCM 

12 

n=102 

SI 

NPCM 

42 

n=536 

S1 

TBNT 

532 

n=508 

S1/2,3 

TBNT 

534 

n=531 

S2 

54/13,19 

S5/17,18 

EB 

509 

n=514 

S4/A,2,3 

CLCM 

1 

col.  1-4 

n=601 

S4/A,2,5 

CLCM 

4 

col.  1-4 

n=534 

S4/8,9 

CLCM 

3 

col.  5 

n=506 

S2,S3 

S4/A 

RAD 

525 

n=515 

S2 

CEPG 

602 

n=604 

S3 

CEPG 

704 

n=704 

A5/5 

WM 

2 

n=807 

S4/1 ,2,3,7 

CUCM 

7 

n=805 

S3 

CEPG 

818 

n=818 

DCR 

App 

# 

0.96 

B1 

1.15 

B2 

2.03 

B3 

0.48 

B4 

0.59 

B5 

1.13 

B6 

6.15 

B7 

2.07 

B8 

1.19 

B9 

0.73 

BIO 

2.98 

B11 

0.90 

B12 

0.50 

B13 

2.54 

B14 
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Table  13.  Forces,  Moments,  and  OCRs  (L2, 50-ft  tower,  all  windows,  6^  =  45°,  =  I.OOg). 
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Table  14.  Forces,  Moments,  and  OCRs  (L3, 50-ft  tower,  all  windows,  6,  =  0°,  =  1  .OOg). 
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Table  15.  Forces,  Moments,  and  OCRs  (L4, 50-ft  tower,  one  window,  0^  =  55.3°,  =  I.OOg). 
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Table  16.  Forces,  Moments,  and  OCRs  (L11, 50-fl  tower,  no  windows,  0^  =  90°,  =  I.OOg). 
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San  Carlos  Tower  —  Cab  Members  and  Connections 

The  Type  L  tower  cab  members  and  connections  were  most  critical  at  the  San 
Carlos  tower.  This  tower  cab  was  evaluated  with  analysis  Cases  L5  through  LIO, 
and  L12  (see  Table  6  for  a  summary).  The  most  critical  case  was  L6.  Case  L7  is 
for  one  window  acting  as  a  shear  wall  and  cases  L8  through  LIO  are  for  all  the 
windows  acting  as  shear  walls.  Only  deflection  results  are  presented  for  Cases 
L9  and  LIO,  because  these  were  never  a  critical  load  condition.  The  greatest 
problem  in  the  cab  evaluation  is  the  excessive  story  drifts.  The  following  sec¬ 
tions  summarize  the  Type  L  cab  evaluations  in  terms  of  modal  behavior,  deflec¬ 
tions,  story  drifts,  and  component  forces  and  moments  used  to  calculate  DCRs. 

Modal  Analysis  Results  and  Deflections 

Table  17  gives  the  primary  modes  of  vibration  for  the  TVpe  L,  Cases  L5  and  L6 
evaluations.  Table  18  gives  the  maximiun  deflections  at  each  floor  level  and 
other  key  locations  in  the  San  Carlos  tower.  Note  that  the  deflections  above  the 
shaft  roof  become  excessive.  These  are  greater  than  any  of  the  Salinas  tower 
cases.  Table  19  gives  the  greatest  San  Carlos  story  drifts,  which  are  always  for 
Case  L6  in  the  cab.  The  calculated  story  drifts  are  the  difference  in  SRSS  deflec¬ 
tions  between  floor  levels  (e.g.,  cab  floor  and  roof).  Table  19  shows  that  the  story 
drift  between  the  cab  floor  and  roof  is  14.14  in.,  which  is  more  than  four  times 
greater  than  acceptable  drifts  calculated  based  on  FEMA  302  guidance  (Equation 
24  of  this  report).  These  excessive  drifts  are  due  to  very  large  rotations  at  the 
connections  of  the  mullion  base  to  the  supporting  beams  at  the  shaft  roof.  The 
supporting  shaft  roof  members  provide  little  resistance  to  rotation^  When  seis¬ 
mic  loads  are  applied  along  the  Y-axis,  four  of  the  wide  flange  beams  supporting 
the  mullions  are  loaded  in  torsion,  and  these  sections  have  very  low  torsional 
stiffness.  These  open  sections  (16WF40  and  10WF72)  have  very  small  polar 
moments  of  inertia,  J.  The  fifth  mullion  is  supported  at  the  end  of  a  cantilevered 
wide  flange  beam,  and  this  also  provides  little  rotational  resistemce.  Connections 
of  the  mullions  at  the  cab  floor  and  roof  are  pinned  (also  connections  above  and 
below  the  windows),  so  that  the  only  overturning  resistance  for  the  mullions  is 
the  very  flexible  moment  connection  at  the  mullion  base.  In  reality,  the  shear 
connections  at  the  cab  floor  and  roof  levels  will  provide  some  moment  resistance, 
and  this  could  have  been  modeled  by  adding  rotational  spring  elements  to  the 
SAP2000  models.  Even  a  very  small  amoimt  of  moment  resistance  at  these 
joints  greatly  reduces  deflections  and  explains  why  large  deflections  in  the  cab  do 
not  occur  during  strong  winds  or  low  seismic  motions.  However,  this  moment 
resistance  should  not  properly  be  accormted  for  in  the  design  or  evaluation  of 
these  towers,  and  they  remain  very  vulnerable  to  excessive  deflections.  This  is 
the  greatest  Type  L  vulnerability  that  must  be  eliminated  in  upgrade  develop¬ 
ment. 
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Table  17.  San  Carlos  (Type  L-30  ft)  Cab  Evaluation  Modal  Analysis  Results. 
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Table  18.  San  Carlos  Cab  Evaluation  Selected  Horizontal  SRSS  Deflections. 


Table  19.  San  Carlos  Tower  Story  Drift  and  P-delta  Effect  Evaluation. 
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Cab  Member  and  Connection  Evaluation 

Tables  20  through  23  present  the  force  and  moment  summary  for  the  most  criti¬ 
cally  stressed  cab  members  and  connections.  These  tables  also  present  DCRs  for 
each  of  these  critical  components.  Case  L6  with  the  full  seismic  spectrum  at  90 
degrees  to  the  X-axis  (Oj^  =  90°)  gives  the  worst  DCRs  for  cab  members  and  con¬ 
nections.  The  mulhon  base  plate  connection  fails  with  a  very  high  DCR  of  14.3. 
This  failure  is  due  to  bending  in  the  base  plate  for  the  smaller  mullions  (Col  1-4 
on  Drawing  S3;  Corlett  &  Spackman  1966).  All  other  DCRs  are  much  smaller. 
This  failture  was  further  evaluated  by  determining  the  seismic  factor,  Fj,  at 
which  all  mullion  connections  (including  the  heavier  Col  5)  have  a  DCR  of  1.0. 
Table  24  summarizes  the  forces,  moments,  and  DCRs  for  all  the  mullion  connec¬ 
tions  to  the  tower  shaft.  The  heavy  Col  5  mulhon  connection  fails  by  tension  in 
the  bolts.  Table  25  shows  the  forces  and  moments  at  a  seismic  factor,  Fj  equal  to 
0.1055,  which  gives  an  average  DCR  of  1.0.  At  this  load  condition,  all  the  base 
plates  will  begin  to  yield  (or  bolt  yielding  for  Col  5),  and  a  hinge  will  form  at  each 
connection.  This  wdll  cause  a  collapse  mechanism,  because  no  other  connection 
to  the  mullions  prevents  mullion  overturning.  In  reality,  the  shear  connections 
wdll  carry  some  moment  so  that  yielding  of  the  plates  does  not  occm*  until  a 
greater  seismic  factor.  But  these  shear  connectors  wdll  certainly  not  prevent 
collapse  of  the  tower  cab.  The  same  upgrade  that  decreases  story  drift  must  also 
correct  this  connection  failure. 
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Table  20.  Forces,  Moments,  and  OCRs  (L5, 30-ft  tower,  no  windows,  6,^  =  0°,  =  1 .07g). 
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Table  21.  Forces,  Moments,  and  OCRs  (L6, 30-ft  tower,  no  windows,  =  90°,  =  1.07g). 
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Table  22.  Forces,  Moments,  and  OCRs  (L7, 30-ft  tower,  one  window,  0^  =  55.3“,  =  1.07g). 
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Table  23.  Forces,  Moments,  and  OCRs  (L8, 
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Table  24.  Corner  Mullion  Base  Connection  Evaluation  -  Forces,  Moments,  and  OCRs  (L6, 30-ft  tower, 
no  windows,  0^  =  90°,  Sps  =  1 .07g). 
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Table  25.  Corner  Multion  Base  Connection  Evaluation  -  Forces,  Moments,  and  OCRs  (Seismic  Factor, 
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5  Type  L  Seismic  Upgrade  Deveiopment 


Description  of  Proposed  Upgrade  for  Aii  Type  L  Towers 

The  upgrade  approach  proposed  here  consists  of  welding  very  deep  structural 
tube  (ST  20  X  4  X  V2)  members  to  the  base  of  each  muUion  in  a  pentagon  configu¬ 
ration  (see  Figure  11).  These  members  must  also  be  anchored  to  the  horizontal 
portion  of  the  concrete  bents.  This  connection  only  needs  to  transfer  shear 
forces,  not  moments.  The  tubes  must  be  welded  to  the  mullions  and  each  other 
to  form  a  continuous  pentagon.  This  pentagon  structure  will  form  a  very  stiff 
foundation  to  greatly  reduce  rotations  by  itself.  The  tubes  will  also  relieve  the 
overstressed  mullion  connections  to  the  shaft  roof  beams.  These  tubes  will  never 
allow  enough  rotation  to  significantly  stress  the  existing  mullion  base  plates  and 
bolts.  The  tubes  by  themselves,  however,  will  not  bring  the  story  drift  down  to 
acceptable  levels.  Figure  11  also  shows  the  stiffening  and  strengthening  of  the 
mullions,  by  welding  5  in.  x  1.5  in.  plates  on  both  faces  of  the  mullions.  This,  to¬ 
gether  with  the  ST  20  X  4  X  V2  tubes  around  the  perimeter,  significantly  reduces 
cab  deflections  and  DCRs  in  the  mullions. 


Salinas  Tower  Upgrade  —  Shaft  Members  and  Connections 

Analysis  Case  L13*  was  used  to  evaluate  the  application  of  the  seismic  upgrade 
described  above  to  the  Type  L  tower  shaft  at  the  50-ft  tall  Salinas  tower.  Be¬ 
cause  the  full  seismic  spectrum  at  90  degrees  to  the  X-axis  (0^  =  90°)  gave  one  of 
the  worst-case  loading  for  critical  shaft  elements  (Case  LI),  the  same  seismic 
loading  is  used  to  evaluate  the  upgraded  tower  in  Case  L13. 


*  The  San  Carlos  tower  upgrade  was  first  evaluated  with  the  L12  analysis  case  because  the  upgrade  was  developed 
for  the  more  vulnerable  cab  of  the  San  Carlos  tower. 
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Figure  11 .  Finite  element  mesh  for  the  upgraded  30-ft  tall  San  Carlos  tower. 


Modal  Analysis  Results  and  Deflections 

Tables  26,  27,  and  28  summarize  the  50-ft  Salinas  tower  upgrade  modal  analysis 
results,  deflections,  and  story  drifts.  Drifts  fall  well  within  allowable  values. 

Shaft  Member  and  Connection  Evaluation 

Table  29  presents  the  force  and  moment  summary  for  the  most  critically  stressed 
members  and  connections.  The  column  bent  is  slightly  overstressed  with  a  DCR 
of  2.21,  but  this  is  based  on  conservative  modeling  that  will  cause  the  bent  to  be 
more  heavily  loaded  than  reality.  The  DCRs  for  all  other  members  and  connec¬ 
tions  in  the  shaft  fall  below  2.0,  demonstrating  that  the  proposed  upgrade  is 
adequate  for  the  tower  shaft. 
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Table  26.  Salinas  (Type  L  -  50  ft)  Shaft  Upgrade  Modal  Analysis  Results. 
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1“  Vertical/cab  floor  &  roof 


3"*  Torsion 


2““  Vertical/cab  roof  &  floor 
3"*  X-Lateral/cab  rockin 


3"^  Y-Lateral/cab  rockin 


3"*  Vertical"  floor  &  roof 


4"’  Vertical/2~'  &  3'"  floor 


4”’  Torsion 


4“’  Y-Lateral 


4"’  X-Lateral 


4"’ X-Lateral 


4"’  X-Lateral 


Tabie  27.  Salinas  Shaft  Upgrade  Selected  Horizontal  SRSS  Deflections. 


Location 


3'"  Floor,  5, _ 

4'"  Floor,  5, _ 

Shaft  Roof,  6. 


Bottom  of  Windows 


Top  of  Windows 


Table  28.  Salinas  Tower  Upgrade  Story  Drifts. 


Location 

Story 

Elev 

Yx 

(in.) 

story 
Height 
hsx  ” 
Yx-Yx-i 

(in.) 

Ground  Floor 

0 

2nd  Floor 

134 

134 

3rd  Floor 

278 

144 

4th  Floor 

422 

144 

Shaft  Roof 

582 

160 

Shaft  Roof 

582 

160 

Cab  Floor 

620 

38 

Cab  Roof 

777 

157 

Analysis 
Case  Joint 
# 

Calc 
Elastic  Story 
DefI  Drift 

5x  Ac 

(■"•)  (in) 

LI  3 

102 

0.00 

LI  3 

204 

0.27 

0.27 

LI  3 

304 

1.11 

0.84 

LI  3 

404 

2.41 

1.30 

L13 

508 

3.92 

1.51 

LI  3 

513 

3.87 

LI  3 

607 

4.23 

0.37 

0.76 

3.14 


Table  29.  Salinas  Upgrade  Forces,  Moments,  and  OCRs  (L13, 50-fl  tower,  ail  windows,  9,  =  90”,  =  1.00g). 


Drawing/  Member 
Component  Section  #  ID/End 


S1  NPCM 

12 


App 

DCR  # 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 
Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.314  Gravity 

Total 


1.86  B14 


534 

940 

168 

1641  0.41  B15 
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San  Carlos  Tower  Upgrade -  Cab  Members  and  Connections 

Analysis  Case  L12  was  iised  to  evaluate  the  application  of  the  seismic  upgrade  to 
the  most  critical  Type  L  tower  cab  at  the  30-ft  tall  San  Carlos  tower.  Because  the 
full  seismic  spectrum  at  90  degrees  to  the  X-axis  (0^  =  90°)  gave  the  worst  case 
loading  for  critical  cab  elements  (Case  L6),  the  same  seismic  loading  was  used  to 
evaluate  the  upgraded  tower  in  Case  L12. 

Modal  Analysis  Results  and  Deflections 

Tables  30,  31,  and  32  summarize  the  30-ft  San  Carlos  tower  upgrade  modal 
analysis  results,  deflections,  and  story  drifts.  Calculated  story  drifts  exceed  al¬ 
lowable  values  by  50  percent.  In  an  actual  earthquake,  these  deflections  would 
be  reduced  by  the  additional  stiffening  of  the  mullions  by  the  deep  structural 
tubing  member  that  prevents  deflections  and  rotations  of  the  mullions  up  to  the 
depth  of  the  structixral  tubing  (20  in.).  Also,  for  a  moment  frame  structru-e  (for 
the  upgraded  configuration),  FEMA  302  gives  an  R-value  of  8  and  a  deflection 
amplification  value,  C^,  of  5.5.  For  design  purposes,  the  effective  story  drift  could 
be  reduced  to  acceptable  levels  by  dividing  by  R  (8)  and  multiplying  by  C^(5.5). 

The  addition  of  these  tubes  reduces  rotations  at  the  shaft  roof  muUion  connec¬ 
tions  by  more  than  an  order  of  magnitude.  Table  33  presents  the  rotations  at  the 
base  of  these  mullions  before  (Case  L6)  and  after  the  upgrade  (Case  L12).  The 
difference  in  elevation  between  the  cab  roof  and  shaft  roof  in  this  model  is  195  in. 
(777  -  582  in.).  The  rotations  at  the  mulhon  connections  to  the  shaft  roof  in  Ta¬ 
ble  33  were  multiplied  by  the  195-in.  mullion  height  to  give  the  deflections  due  to 
rotations  alone.  The  SRSS  deflections,  6  for  both  the  x  and  y  rotations  (R^  and  R^ 
respectively),  were  calculated  as  follows: 

5  =  1  SSinches^Rl  -t-  Ry  IEq26] 

These  deflections  are  given  in  Table  33.  This  shows  the  influence  of  the  rotations 
on  deflections  and  the  effectiveness  of  the  proposed  upgrade  in  reducing  these 
deflections.  The  story  drifts  in  Table  32  are  greater  than  these  values  due  to 
bending  of  the  upgraded  mullions. 

Cab  Member  and  Connection  Evaluation 

Table  34  summarizes  the  force  and  moment  for  the  most  critically  stressed  mem¬ 
bers  and  connections.  The  greatest  DCR  was  1.56  (below  2.0),  demonstrating  the 
effectiveness  of  the  proposed  upgrade.  Table  34  shows  that  the  upgraded 
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mullion  has  a  DCR  of  only  1.47.  The  capacity  of  this  member  is  defined  in  Ap¬ 
pendix  B6a  and  the  apphed  loads  in  this  appendix  are  those  shown  in  Table  34 
for  the  L12  analysis  case.  The  bottom  of  Table  34  shows  that  the  TS  20  x  4  xVi 
structured  tube  used  to  upgrade  this  tower  has  a  DCR  of  only  0.61,  demonstrat¬ 
ing  its  effective  performance.  The  capacity  of  this  member  is  defined  in  Appen¬ 
dix  B15. 


Table  30.  San  Carlos  (Type  L  -  30  ft)  Cab  Upgrade  Modal  Analysis  Results. 


Cumulative  Participating  Mass  (%) 
X-dir  Y-dir _ Z-dir 

3.1  0.4  0.0 


0.1 


Mode  of  Vibration 


1"  Torsion/cab 


r'Y-Lateral/cab 


1“  X-Lateral/cab 


2"^  Torsion 


1“  Vertical  &  Y-Lateral 


2!^  Vertical/cab  roof 


2'^X-Lateral 


2""  Y-Lateral 


Vertical/X-cab  rocking 


3"’  Vertical/2""  floor 


4“’  Vertical/shaft  roof 


3"*  Torsion 


4’*' Y-Lateral 


4"’  X-Lateral 


Table  31.  San  Carlos  Cab  Upgrade 
Selected  Horizontal  SRSS  Deflections. 


Location 

LI  2 

Joint 

# 

Sxe 

(in.) 

2""  Floor,  8, 

0.08 

508 

0.33 

Cab  Floor,  8^ 

607 

0.66 

Bottom  of  Windows 

703 

1.61 

Top  of  Windows 

805 

4.52 

907 

5.40 
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Table  32.  San  Carlos  Tower  Upgrade  Story  Drifts. 


Calc 

Analysis  Elastic  Story 
Case  Joint  Defi  Drift 


Ground  Floor 
2nd  Roor 
Shaft  Roof 
Cab  Floor 
Cab  Roof 


204  0.08  0.08 

508  0.33  0.25 

603  0.66  0.32 

907  5.404  4.75 


Table  33.  Rotations  at  the  Base  of  the  Mullions  Before  and  After  the  Upgrade.  _ 
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Table  34.  San  Carlos  Upgrade  Forces,  Moments,  and  OCRs  (L12, 30-ft  tower,  no  windows,  =  90“,  =  l.07g). 


DCR 

App 

# 

0.49 

B1 

^  0.51 

B2 

1.56 

B3 

0.33 

B4 

0.26 

B5 

1.47 

B6a 

0.52 

B7 

0.29 

B8 

0.22 

B9 

0.43 

BIO 

0.91 

B11 

0.03 

B12 

0.11 

B13 

0.76 

B14 

0.61 

B15 
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6  San  Luis  Obispo  Analysis  Results 


As  with  the  Type  L  towers,  the  San  Luis  Obispo  tower  was  analyzed  using 
SAP2000  and  MathCAD  member  and  connection  evaluation  files.  The  first  sec¬ 
tion  of  these  results  focuses  on  the  tower  shaft  evaluation,  which  was  controlled 
by  the  conservative  assumption  that  all  the  cab  windows  remain  intact  and  per¬ 
form  as  fully  effective  shear  walls  (Cases  SLOl,  SL02,  SL03,  and  SL03a).  The 
second  section  focuses  on  the  cab  evaluation,  which  was  a  more  realistic  model 
that  does  not  include  any  stiffening  from  the  cab  windows.  Table  7  summarized 
all  the  cases  used  to  evaluate  the  San  Luis  Obispo  tower. 

Each  section  in  this  report  presents  the  modal  analysis  results,  deflections,  story 
drifts,  forces,  and  moments  of  critical  members  and  connections  and  the  result¬ 
ing  DCRs.  The  towers  may  fail  evaluation  based  on  either  exceeding  drift  limits, 
or  high  DCRs  that  lead  to  collapse  of  the  towers.  Code-based  design  resistance 
factors  have  been  dropped  (i.e.,  set  equal  to  1.0)  for  the  purpose  of  evaluating 
structural  members.  The  design  resistance  factors  were  included  in  the  evalua¬ 
tion  of  connections,  as  such  failure  must  be  prevented,  because  they  would  fail  in 
a  more  brittle  manner  than  the  structural  members  wotdd.  Appendix  D1 
through  D12  shows  the  MathCAD  models  used  to  evaluate  each  member  and 
connection,  and  these  appendix  numbers  are  given  in  each  force,  moment,  and 
DCR  summary  table  in  this  chapter. 


Shaft  Members  and  Connections 

The  most  critical  condition  for  the  shaft  evaluation  is  the  extreme  condition 
where  all  cab  windows  remain  intact  and  act  as  fully  effective  shear  walls  (SLOl 
-  SL03a).  This  decreases  the  fundamental  period  of  the  structure  and  increases 
the  effective  acceleration,  and  therefore  loads  the  shaft  members  and  connec¬ 
tions  more  severely.  As  with  the  Type  L  evaluation,  this  assumption  provides  an 
upper  bound  basis  for  evaluating  the  effect  of  the  windows  remaining  intact. 
This  effect  was  modeled  by  defining  the  shear  stiffness  of  the  windows  if  they  act 
as  a  shear  block.  For  the  San  Luis  Obispo  cab,  the  connections  between  the 
mullions  and  structural  tubing  above  and  below  the  windows  are  fixed,  so  no 
modification  of  these  connections  is  needed  to  model  the  windows  acting  as  shear 
walls  (such  a  modification  was  needed  for  the  Type  L  evaluation).  Analysis 
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Cases  SLOl,  SL02,  and  SL03  evaluate  the  performance  of  the  San  Luis  Obispo 
tower  with  the  windows  acting  as  shear  walls  with  the  fiill  seismic  response 
spectrum  acting  at  90,  45,  and  0  degrees  to  the  X-axis  (0^  =  90°,  45°,  and  0°), 
respectively.  The  X-axis  orientation  is  shown  on  the  model  plot  in  Figure  7.  This 
axis  is  along  the  front  face  of  the  tower  as  shown  on  Drawing  S-2  (Leo  A  Daly 
1981)  of  the  San  Luis  Obispo  tower. 

Modal  Analysis  Results  and  Deflections 

Table  35  presents  the  primary  modes  of  vibration  for  the  San  Luis  Obispo  tower. 
Cases  SLOl,  SL02,  amd  SL03  evaluations.  The  cumulative  participating  mass 
shows  that  a  greater  portion  of  the  mass  participates  in  the  first  X  and  Y  laterad 
modes  than  in  the  cases  when  the  cab  windows  are  not  acting  as  shear  walls 
(SL05,  SL06,  and  SLOT  in  Table  44).  This  demonstrates  that  the  cab  is  more 
coupled  with  the  tower  shaft  vibration  in  the  first  mode,  and  this  will  more 
heavily  load  the  shaft  components  due  to  higher  effective  accelerations. 

Table  36  summarizes  maximum  lateral  deflections  at  each  floor  level  and  other 
key  locations  in  the  control  tower  for  the  shaft  evaluation  cases.  All  deflections 
are  the  SRSS  of  the  total  X  and  Y  lateral  deflections.  The  shaft  deflections  are 
greater  for  the  shear  wall  window  cases  (SLOl  —  SL03)  because  of  the  coupling 
and  higher  effective  accelerations  described  above.  The  greatest  deflection  at  the 
top  of  the  shaft  is  1.32  in.  for  case  SL03  (0^  =  0°).  These  deflections  are  well 
within  story  drift  limits.  Therefore,  story  drifts  are  not  considered  ftufther  in 
this  section,  but  will  be  examined  in  the  next  section  for  the  cab.  Cab  deflections 
for  the  cases  of  shear  wall  windows  are  unrealistically  low  because  of  the  shear 
wall  window  stiffening.  These  cases  are  intended  for  shaft  evaluation  only,  and 
will  produce  unrealistic  results  in  the  cab. 

Shaft  Member  and  Connection  Evaluation 

Tables  37  through  39  give  the  force  and  moment  summary  for  the  most  critically 
stressed  members  and  connections.  These  tables  also  present  the  DCRs  for  each 
of  these  critical  components.  Tables  37  through  43  and  47  through  51  presents 
the  same  information  for  the  San  Luis  Obispo  tower  evaluation  as  described  in 
the  Type  L  tower  evaluation.  For  this  tower,  component  capacities  are  defined  in 
Appendices  D1  through  D12,  using  the  forces  and  moments  calctdated  from 
analysis  case  SLOl. 

Case  SL03,  with  the  full  seismic  spectnim  at  0  degrees  to  the  X-axis  (0^  =  0°),  is 
the  most  critical  loading  condition  for  shaft  members  and  connections.  The 
highest  DCR  is  in  the  braces.  Table  39  shows  that  a  brace  in  the  plane  of  the  X- 
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axis  (BR107),  located  at  the  first  floor  of  the  building,  has  a  DCR  of  3.06.  Other 
braces  (such  as  BR508)  shown  in  Table  39  have  DCRs  over  2.0.  These  high 
DCRs  indicate  that  several  braces  will  buckle.  Tables  40  and  41  give  the  same 
information  for  all  the  braces  in  the  plane  of  the  X-axis.  DCRs  are  much  smaller 
for  the  braces  out-of-plane  to  the  X-axis,  as  the  building  is  not  significantly  seis- 
mically  loaded  in  this  direction.  Table  40  reveals  that  a  brace  at  the  third  floor 
(BR407)  has  the  highest  DCR,  with  a  value  of  4.25.  Table  40  also  shows  that  aU 
the  braces  up  to  the  junction  level  (fourth  floor)  will  buckle,  as  indicated  by 
DCRs  greater  than  2.0. 

The  impact  of  buckling  braces  was  studied  further  by  removing  all  the  braces  on 
one  side  of  the  building,  in  the  plane  of  the  X-axis.  In  an  earthquake,  all  the 
braces  acting  in  compression  on  one  side  of  the  building  could  buckle,  which 
would  increase  the  load  of  the  braces  in  tension  on  the  other  side.  When  the 
building  cycles  back  in  the  other  direction,  the  braces  that  had  been  in  tension 
will  go  into  compression  and  will  also  buckle,  while  the  braces  that  had  buckled 
on  the  other  side  will  effectively  carry  load  in  tension.  Therefore,  if  the  braces  in 
tension  have  adequate  capacity  alone  for  the  full  lateral  load,  the  building  will 
remain  stable  and  prevent  collapse.  Many  buildings  are  designed  with  tension 
only  braces,  where  the  design  assiunption  is  that  the  slender  tension  braces  will 
buckle.  The  braces  in  the  San  Luis  Obispo  tower  could  have  been  designed  as 
tension  only,  but  this  remains  unclear.  These  braces  are  L6  x  6  x  14  with  a  kl/r 
value  of  only  124,  which  is  not  that  slender. 

The  San  Luis  Obispo  tower  was  evaluated  with  tension  only  braces  in  analysis 
Case  SL03a.  The  loading  was  identical  to  Case  SL03.  Table  42  summarizes  the 
forces,  moments,  and  DCRs  for  all  the  tension  braces  in  the  plane  of  the  X-axis. 
These  braces  are  now  loaded  with  greater  axial  tension  force  than  when  the 
compression  braces  were  in  place,  and  the  DCRs  are  stiU  much  lower  than  the 
values  of  the  compression  braces  in  Case  SL03.  The  DCRs  shown  in  Table  42 
include  the  moments  on  these  eccentrically  loaded  braces.  Brace  202,  between 
floors  2  and  3  has  a  high  DCR,  with  a  value  of  2.09.  This  indicates  that  this 
brace  will  begin  to  yield  in  tension  on  one  edge  of  the  angle.  However,  the  tower 
will  remain  very  stable,  because  collapse  would  require  yielding  of  the  entire 
gross  area  of  the  section.  This  same  brace  was  evaluated  for  gross  section  yield¬ 
ing  with  the  same  loading,  which  gives  a  DCR  of  only  0.53  (see  Table  42).  There¬ 
fore,  the  tower  would  remain  stable,  with  only  slight  yielding  pf  the  braces  in 
combined  tension  and  moment.  Deflections  would  be  somewhat  greater  for  the 
case  with  tension  only  braces  than  those  shown  in  Table  36,  for  Case  SL03. 
However,  they  will  remain  far  below  acceptable  story  drift  limits. 
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All  the  other  components  were  evaluated  with  the  tension  only  analysis  case 
(SL03a),  and  a  summary  of  this  evaluation  is  shown  in  Table  43.  Comparing 
Table  43  with  Table  39  (Case  SL03)  shows  that  the  loading  and  DCRs  for  many 
components  increase  with  the  tension  only  braces.  Most  significant  are  the  in¬ 
creases  for  the  column  at  the  base  (0.83  to  1.70  DCR  increase);  beam  at  an  in¬ 
termediate  level  (0.52  to  1.90);  brace  connection  at  the  tower  base  (0.66  to  1.22); 
beam  at  junction  level  (0.46  to  1.07);  and  beams  at  the  base  of  the  mullions  (0.51 
to  1.05).  These  values  stiU  fall  below  2.0.  Therefore,  the  seismic  performance  of 
the  San  Luis  Obispo  tower  shaft  is  adequate  and  needs  no  upgrade. 


Table  35.  San  Luis  Obispo  Shaft  Evaluation  Modal  Analysis  Results. 


SL01,  SL02  &  SL03 


Cumulative  Participating  Mass  (%) 


Period 

(sec) 


00 

CD 

I _ 

10 

5 

0.112 

86.6 

84.4 

6 

0.108 

92.7 

85.7 

Mode  of  Vibration 


1‘'Y-Lateral 


1“  X-Lateral 


1"  Torsion 


2”*  X-Lateral 


2'"Y-Lateral 


2'"  Torsion 


1  “  Verticai  -  4“’  floor/junction 


2™“  Vertical -2™' floor 


S'"  Vertical -2""  as"*  floor 


4“’  Vertical  -  3'"  floor 


S'"  Vertical  -4"’  floor,  cab  roof/floor 


6"  Vertical -2""  floor 


7'"  Vertical  -cab  roof 


S'"  X-Lateral 


3'"Y-Lateral 


7'"  Verticai  -  cab  floor  &  roof 


S'"  Vertical  -  cab  rocking 


Table  36.  San  Luis  Obispo  Shaft  Evaluation  Selected  Horizontal  SRSS  Deflections. 
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Table  37.  Forces,  Moments,  and  OCRs  (SL01 ,  all  windows,  9,  =  90°,  =  1  .OOg). 
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Table  38.  Forces,  Moments,  and  OCRs  (SL02,  all  windows,  =  45"^,  =  I.OOg). 


Drawing/  Member 
Section  #  ID/End 


W16x40 

W16x45 


W14x34 

W16x40 


W16x45 


Beams  at 
Base  of 
mullions 
(additive) 


W10x26 

W16x77 


n=1012 


n=1012 


BW 

1005 

n=1004 


TW 

1109 

n=1110 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

-0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


■■ 


DCR 

App 

# 

1.81 

D1 

0.70 

D2 

0.37 

D3 

0.44 

D4 

0.29 

D5 

1 . 

■ 

1.84 

DS 

0.76 

D7 

1.86 

D8 

0.88 

D9 

0.83 

DIO 

1.01 

Dll 

0.56 

1 

D12 
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Table  39.  Forces,  Moments,  and  OCRs  (SL03,  all  windows,  0,  =  0°,  =  I.OOg). 


Drawing/  Member 
Section  #  ID/End 


Column  at 
Base 

(additive) 


W16x40 

W16x45 


149.1 

Gravity 

H.  Seismic 

0.300  Gravity 

Total 

118.5 

Gravity 

H.  Seismic 

0.300  Gravity 

Total 

50.0 

Gravity 

H.  Seismic 

0.300  Gravity 

Total 

Gravity 
H.  Seismic 

'0.300  Gravity 

Total 


App 

DCR  # 


3.06  D1 


-1 

-37 

0 

-38  0.83  D2 


-56 

-921 

-17 

-994  0.52  D3 


0 

0 

0 

0  0.66  D4 


W 14x34 


W 16x40 
W16x45 


Corner  mullion 
connections 
at  base 
(counteract) 


W8x35, 

W10x26 

W16x77 


TS 

8x4x1/2 


n=1009 


n=1012 


BW 

1012 

n=1011 


TW 

1110 

n=1111 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


-870  0.46  D5 


0 

0 

0 

0  2.91  D6 


-20 

-1575  0.51  D7 


2.14  D8 


-4 

-455 

-1 

-460  0.77  D9 


-267  0.79  DIO 


21 

373 

6 

400  1.09  Dll 


0.61  D12 
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Table  40.  Braces  Between  Foundation  and  Junction  Level  (SL03,  all  windows,  9,  =  0°,  =  I.OOg). 
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Table  41 .  Braces  Between  Junction  and  Top  of  Shaft  (SL03,  all  windows,  9^  = 
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Table  42.  Tension  Braces  Only  (SLOSa,  all  windows,  0,^  =  0°, 


P 

(kips) 


,  =  1.00g). 


Bracing  btwn 
Fndtn  &  12 
L6x6x1/2 
(Tension) 


Bracing  btwn 
Frxjtn  &  !2 
L6x6x1/2 
(Tension) 


Bracing  btwn 
I2&I3 
L6x6x1/2 
(Tension) 


Bracing  btwn 
13  &  JNCTN 
L6x6x1/2 
(Tension) 


Bracing  btwn 
I3  &  JNCTN 
L6x6x1/2 
(Tension) 


S-4 


S-4 


S-4 


S-4 


Member 

Length 

ID/End 

(in.) 

BR 

149.1 

102 

n=102 

BR 

149.1 

108 

n=105 

BR 

150.3 

202 

n=205 

BR 

150.3 

208 

n=221 

BR 

150.3 

402 

n=305 

BR 

150.3 

408 

n=320 

BR 

101.4 

502 

n=506 

BR 

120.05 

508 

n=526 

BR 

89.1 

702 

n=605 

BR 

70.5 

708 

n=710 

Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

>0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 
Total 


Gravity 
H.  Seismic 
>0.300  Gravity 

Total 


Gravity 
H.  Seismic 

-0.300  Gravity 

Total 


Gravity 
H.  Seismic 

-0.300  Gravity 

Total 


Gravity 
H.  Seismic 

-0.300  Gravity 

Total 


Gravity 
H.  Seismic 

-0.300  Gravity 

Total 


.0  0 


0.0  O.Ol  0 


.0  0.0  0 

.0  0.0  0 


M2, My 

M3, MX 

(k-in) 

(k-in) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  1,851  D1a 


Ol  1.211  Dia 


0  1.401  Dia 


Ol  1.791  Dia 


Ol  1.431  Dia 


0  1,31  D1a 


0  1,59  Dia 


0  1.31  D1a 


0  1.45  Dia 
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Table  43.  Other  Components  w/Tension  Braces  Only  (SL03a,  all  windows,  0^  =  0°,  =  I.OOg). 
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Cab  Members  and  Connections 

The  cab  members  and  connections  of  the  San  Luis  Obispo  tower  were  evaluated 
with  cases  SL04,  SL05,  SL06,  and  SLOT.  Case  SL04  is  for  one  window  acting 
as  a  shear  wall  and  cases  SL05  through  SL07  represent  the  most  realistic  con¬ 
dition  where  no  windows  act  as  a  shear  wall.  The  following  sections  summarize 
the  San  Luis  Obispo  cab  evaluation  in  terms  of  modal  behavior,  deflections,  story 
drifts,  and  component  forces  and  moments  used  to  calculate  DCRs. 

The  SL04  case  assumes  the  window  acting  as  a  shear  wall  is  located  ftirthest 
from  the  center  of  mass  (for  5  percent  accidental  eccentricity),  which  is  placed 
farthest  from  the  plane  of  this  shear  wall  window.  This  will  create  the  greatest 
distance  between  the  center  of  mass  and  center  of  stiffness  in  the  plan  of  the 
building  and  will  create  the  greatest  torsional  response  of  the  tower  shaft.  The 
resultant  direction  of  the  100  percent  full  seismic  spectrum  loading  plus  the  30 
percent  orthogonal  spectrum  is  parallel  to  this  shear  wall  window,  to  create  the 
worst  torsional  response. 

Modal  Analysis  Results  and  Deflections 

Table  44  presents  the  primary  modes  of  vibration  for  the  San  Luis  Obispo  tower, 
evaluated  in  the  SL04,  SL05,  SL06,  and  SLOT  analysis  cases.  The  cumulative 
participating  mass  shows  that  a  smaller  portion  of  the  mass  participates  in  the 
first  X  eind  Y  lateral  modes  than  in  the  cases  where  cab  windows  act  as  sheeu" 
walls  (SLOl,  SL02,  and  SL03  in  Table  35). 

Table  45  presents  the  maximum  lateral  deflections  at  each  floor  level  and  other 
key  locations  in  the  San  Luis  Obispo  control  tower.  Table  46  shows  the  greatest 
San  Luis  Obispo  story  drifts,  which  were  for  Case  SLOT  (9^  =  0°)  for  shaft  and 
Case  SL05  (9^  =  90°)  for  the  cab.  The  calculated  story  drifts,  A^,  fall  below  the 
allowable  v£dues,  A^,  at  each  floor  level.  Therefore, '  no  stiffening  upgrade  is 
needed  to  reduce  deflections  and  story  drifts. 

Cab  Member  and  Connection  Evaluation 

Tables  47  through  50  give  the  force  and  moment  summary  for  the  most  critically 
stressed  members  and  connections.  These  tables  also  present  the  DCRs  for  each 
of  these  critical  components.  Case  SL07  (Table  50),  with  the  ftill  seismic  spec¬ 
trum  at  0  degrees  to  the  X-axis  (0^  =  0°),  is  the  most  critical  loading  condition  for 
the  cab  members  and  connections.  The  highest  DCR  is  for  the  cab  colxuim  con¬ 
nections  (window  corner  muUions).  Table  50  shows  that  the  most  heavily  loaded 
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Table  44.  San  Luis  Obispo  Cab  Evaluation  Modal  Analysis  Results. 


SL05,  SL06,  and  SLQ7 _ 


0.125 

83.3 

0.123 

83.3 

0.119 

89.0 

KEBI 

KUH 

kebi 

0.083 

95.3  1 

Mode  of  Vibration 


1“Y-Lateral 


rx-Lateral 


1”  Torsion 


2^  X-Lateral 


2"’Y^Lateral 


2""  Torsion 


1 "  Vertical  -  4”’  floor/junction 


S'^Y-Lateral 


2""  Vertical- 2™*  SS"*  floor 


S'-Y-Lateral 


S'"  Vertical -2""  as'"  floor 


4'"  Vertical  -4"'  floor,  cab  roof/floor 


S'"  X-Lateral  &  Vertical  -  2  floor 


5'"  Vertical  -  2""  and  S'"  floor 


S'"  X-Lateral  -  cab  rockin 


S'"  Vertical  -cab  roof 


e'"  Vertical  -  cab  floor 


7'^  Vertical  -  cab  floor  &  roof 


4"’  X-Lateral 


S'"  Vertical  -  cab  access  stair  support 


S'"  Vertical/Y-Lateral  -  cab  rockin 


Table  45.  San  Luis  Obispo  Cab  Evaluation  Selected  Horizontal  SRSS  Deflections. 


of  these  connections  has  a  DCR  of  2.49.  The  TS  8  x  4  x  structural  tubing 
mullion  is  welded  to  a  l-l/8-in.-thick  base  plate  with  a  5/16-in.  fillet  weld  (San 
Luis  Obispo  tower  Drawing  No.  S-5;  Leo  A  Daly  1981).  The  critical  mode  of  fail- 
xire  is  shearing  through  the  throat  of  the  weld  (see  Appendix  D8).  The  axial  load 
in  the  tubing  due  to  horizontal  and  vertical  seismic  load  could  be  either  positive 
(tensile)  or  negative,  but  it  is  assumed  to  be  positive,  which  counteracts  the 
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effects  of  gravity.  This  is  because  only  tensile  forces  at  this  joint  will  load  the 
weld  in  shear.  Compressive  force  would  simply  transfer  the  load  through  bear¬ 
ing,  not  loading  the  critical  weld.  Only  the  connections  of  these  mullions  have 
DCRs  greater  than  2.0. 

If  one  mullion  connection  begins  to  fail,  loads  would  be  redistributed  to  the  other 
mullions  because  the  mullions  will  all  deflect  together,  as  they  are  tied  to  each 
other  at  the  cab  floor.  Therefore,  the  condition  of  all  the  mullion  connections  at 
their  base  must  be  examined  and,  if  their  average  DCR  exceeds  2.0,  failure  will 
begin.  Table  51  gives  the  forces,  moments,  and  DCRs  for  all  the  mullion  connec¬ 
tions  to  their  base  plates.  The  average  DCR  for  all  mullions  is  1.97  as  shown  in 
the  table.  This  is  slightly  less  than  the  2.0  value  that  defines  failure.  Weld  fail¬ 
ure  would  be  brittle  and  must  be  prevented,  so  the  design  resistance  factors  are 
conservatively  left  in  the  evaluation  (Appendix  D8). 

Channels  that  support  the  catwalk  are  connected  (shear  connections)  to  these 
mullions  all  the  way  around  the  cab  perimeter.  These  channels  are  located  just 
above  the  critical  mullion  base  connections,  but  are  not  included  in  the  San  Luis 
Obispo  model.  The  cab  floor  beams  also  frame  into  the  miallions  at  a  higher  level 
with  shear  connections.  Both  the  catwalk  channels  and  cab  floor  beams  will  pro¬ 
vide  some  moment  resistance,  reducing  rotations  and  deflections  at  these  levels 
and  reducing  the  moment  applied  to  the  mullion  base  connections. 


The  design  resistance  factors  remaining  in  the  mullion  connection  evaluation 
and  the  catwalk  channels  and  cab  floor  beam  connections  all  reduce  the  stress 
condition  of  the  critical  mvilHon  connections,  and  these  effects  were  not  ac¬ 
counted  for  in  this  evaluation.  These  unaccounted  for  contributions  further  en¬ 
sure  that  the  critical  mullion  connections  (DCR  =  1.97)  will  not  fail  in  the  maxi¬ 
mum  considered  earthquake  motions.  Therefore,  this  tower  has  met  the 
reqxiirements  of  the  life-safety  evaluation  and  no  upgrade  is  needed. 


Table  46.  San  Luis  Obispo  Tower  Story  Drifts. 


Location 

Story 

Elev 

Yx 

(in.) 

BBI 

Allow 

Story 

Drift 

Aa 

(in.) 

Analysis 
Case  Joint 

# 

Calc 

Elastic  Story 
DefI  Drift 

6x  Ac 

(in.)  (In.) 

Grounid  Floor 

-9.5 

SL07 

104 

0.00 

2nd  Floor 

109 

118.5 

2.37 

SL07 

217 

0.18 

0.18 

3rd  Floor 

229 

120 

2.4 

SL07 

316 

0.40 

0.22 

4th  Floor 

349 

120 

2.4 

SL07 

520 

0.62 

0.22 

Shaft  Roof 

520 

171 

3.42 

SL07 

826 

1.03 

0.41 

Shaft  Roof 

520 

171 

3.42 

SL05 

824 

0.92 

Cab  Floor 

560.8 

40.75 

0.815 

SL05 

918 

1.56 

0.64 

Cab  Roof 

718.8 

158 

3.16 

SL05 

1220 

4.39 

2.83 

84 
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Table  47.  Forces,  Moments,  and  OCRs  (SL04,  one  window,  0,  =  16.7°,  =  I.OOg). 


V2,Vy  V3,Vx 
(kips)  (kips) 


Drawing/ 
Section  # 


Column  at 
Base 

(additive) 


W 16x40 
W 16x45 


W 16x40 
W16x45 


S-4 


L6x 6x1/2 


Corner  mullion 
connections 
at  base 
(counteract) 


TS 

8x  4x1/2 


TS 

7x7  3/16 


S-5 

TS 

7x7  3/16 


Member 

ID/End 


BR 

108 


Length 

(in.) 


149.1 


n=1012 


BW 

1009 

n=1008 


TW 

1109 

n=1108 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 
0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


M2, My 
(k-in) 


0 

0 

0 

0 


0 

39 

0 

39 


0 

0 

0 

0 


0 

0 

0 

0 


0 

0 

0 

0 


DCR 

App 

# 

2.36 

D1 

0.63 

D2 

0.44 

D3 

0.56 

D4 

0.39 

D5 

2.49 

D6 

0.47 

D7 

2.73 

D8 

1.21 

D9 

0.81 

D10 

1.23 

Dll 

0.79 

D12 
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Table  48.  Forces,  Moments,  and  OCRs  (SL05,  no  windows,  0^  =  90°,  =  I.OOg). 


Drawing/  Member 
Section  #  ID/End 


BR  146.1 
103 


W16x45 


S- 


W 14x34 
W 16x40 


W 16x45 


W10x26 

W16x77 


Corner  mullion 
connections 
at  base 
(counteract) 


n=511 


BR  102.3 


n=808 


MUL  40.8 


n=809 


MUL  40.8 


n=809 


MUL  94.8 


n=1008 


BW 

1007 

n=1008 


TW  72.4 


n=1104 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

-0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 
Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


DCR 

App 

# 

1.70 

D1 

0.61 

D2 

0.30 

D3 

0.57 

D4 

0.41 

D5 

1.38 

D6 

0.76 

D7 

2.13 

D8 

0.92 

D9 

0.70 

DIO 

1.33 

D11 

0.81 

D12 

86 


USACERL  TR  99/04 


Table  49.  Forces,  Moments,  and  OCRs  (SL06,  no  windows,  0^  =  45°,  S^s  =  I.OOg). 
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Table  50.  Forces,  Moments,  and  OCRs  (SL07,  no  windows,  6,^  =  0°,  =  I.OOg). 
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Table  51.  Mullion  Connections  at  Their  Bases  (SLOT,  no  windows,  0,  = 


Drawing/  Member 
Section  #  ID/End 


MUL801 


n=804 


MUL802 


Comer  mullion 
connections 
at  base 
(counteract) 


Ksiel 


n=808 


MUL803 


n=809 


MUL804 


n=824 


MUL805 


n=825 


MUL806  i 


n=828 


Gravity 
H.  Seismic 

0.300  Gravity 

Total  I 


Gravity 
H.  Seismic 

0.300  Gravity 

Total 


Gravity 
H.  Seismic 

0.300  Gravity 

Total  I 


Gravity 

>11.5 

-0.4 

-0.1 

0 

-3 

H.  Seismic 

6.5 

-1.1 

-18.2 

17 

-728 

0.300  Gravity 

3.4 

-0.1 

0.0 

0 

-1 

Total 

-1.5 

-1.6 

-18.3 

17 

-731 

DCR 

App 

# 

2.25 

D8 

1.68 

D8 

1.63 

D8 

1.65 

D8 

2.10 

D8 

-j  -1 

-728  -10 

-1  0 

-7311  -111  2.49|  D8 

Average  DCR  =  1 .97 
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7  Summary 

This  report  presents  the  detailed  seismic  evaluation  of  the  FAA  ATCTs  at  the  lo¬ 
cations  given  in  Table  1.  These  include  TVpe  L  towers  located  in  Salinas,  San 
Carlos,  and  Palo  Alto,  CA.  A  unique  eccentrically  braced  steel  frame  tower  lo¬ 
cated  in  San  Luis  Obispo  was  also  evaluated.  Each  of  these  towers  was  evalu¬ 
ated  based  on  the  maximum  considered  earthquake  defined  by  1997  NEHRP 
Recommended  Provisions  (FEMA  302).  Both  T5q)e  L  and  the  Ssm  Luis  Obispo 
towers  were  evaluated  based  on  several  directions  of  loading  and  an  extreme  as¬ 
sumption  that  the  cab  windows  will  not  fail  and  will  work  as  fully  effective  shear 
walls. 


Type  L  ATCTs 

The  San  Carlos  ATCT  is  the  most  critical  Type  L  tower,  due  to  excessive  deflec¬ 
tions  in  the  tower  cab.  These  deflections  were  due  to  large  rotations  of  support¬ 
ing  members  at  the  shaft  roof.  The  cab  coliunns  (comer  mullions)  connection 
base  plates  were  also  overstressed  as  indicated  by  very  large  DCRs.  Hinges 
would  form  at  the  base  of  each  mullion  due  to  base  plate  bending  failure,  causing 
a  collapse  mechanism  at  very  low  seismic  motions. 

An  upgrade  approach  was  developed  and  demonstrated  that  reduces  deflections 
to  acceptable  levels  and  protects  the  vulnerable  connections.  This  upgrade  con¬ 
sists  of  welding  deep  stmctural  tubing  members  to  the  base  of  each  comer  mtil- 
lion  in  a  pentagon  configuration  as  shown  in  Figure  11.  The  mullions  themselves 
were  also  stiffened  and  strengthened  by  welding  5  in.  x  1.5  in.  plates  on  both 
faces  of  the  mullions. 


San  Luis  Obispo  ATCT 

The  shaft  braces  were  the  most  critically  stressed  components  in  the  San  Luis 
Obispo  shafts.  These  would  buckle  at  several  floor  levels.  However,  when  the 
braces  were  assumed  to  be  tension  only  members,  they  had  adequate  capacity. 
There  could  be  slight  yielding  of  these  braces,  but  this  would  be  very  hmited  and 
deflections  would  be  kept  within  acceptable  levels. 


90 


USACERL  TR  99/04 


Deflection  in  the  tower  cab  could  be  large,  but  within  acceptable  levels.  The 
most  vulnerable  cab  component  is  the  connection  of  the  corner  mullions  to  their 
base  plates.  This  is  due  to  shear  failure  of  the  fillet  welds  at  this  connection. 
However,  serious  damage  to  these  connections  should  be  prevented  by  redistribu¬ 
tion  of  forces  to  other  mullions  and  other  building  components.  Therefore,  the 
San  Luis  Obispo  tower  passed  this  evaluation  by  meeting  the  life-safety  re¬ 
quirements. 
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APPENDIX  A 

Member  Properties  and  Loads  for  Salinas  Type  L  ATCT 


Member  # 

Description 

SAP2000 

Designation 

Member  Length 
(in.) 

Weight  per  Length  Mass  per  Length 
(k/in)  (k-s2/in2) 

floor  2 

1 

16B26 

W1626AB 

130 

0.02537 

0.00006565 

2 

16B26 

W16X26A 

110 

0.02537 

0.00006565 

3 

W16x40 

W16X40A 

84 

0.02660 

0.00006884 

4 

W16x40 

W16X40A 

81 

0.02660 

0.00006884 

5 

W16x40 

W16X40A 

75 

0.02660 

0.00006884 

6 

16B26 

W16X26B 

239 

-0.04162 

0.00010772 

7 

W16x40 

W16X40B 

75 

0.04039 

0,00010453 

8 

W16x40 

W16X40B 

81 

0.04039 

0.00010453 

9 

W16x40 

W1640BB 

84 

0.04039 

0.00010453 

10 

16B26 

W1626CB 

136 

0.02776 

0.00007185 

11 

16B26 

W16X26C 

116 

0.02776 

0.00007185 

12 

16B26 

W16X26C 

252 

0.02776 

0.00007185 

13 

8C11.5 

C8X11.5A 

90 

0.02776 

0.00007185 

floor  3 

14 

16B26 

W1626DB 

130 

0.02525 

0,00006536 

15 

16B26 

W16X26D 

110 

0.02525 

0.00006536 

16 

Wl6x40 

W16X40C 

84 

0.02648 

0.00006853 

17 

W16x40 

W16X40C 

81 

0.02648 

0.00006853 

18 

W16X40 

W16X40C 

75 

0.02648 

0.00006853 

19 

16B26 

W16X26E 

239 

0.04143 

0.00010723 

20 

W16x40 

W16X40D 

75 

0.04021 

0.00010406 

21 

W16x40 

W16X40D 

81 

0.04021 

0.00010406 

22 

Wl6x40 

W1640DB 

84 

0.04021 

0.00010406 

23 

16B26 

W1626FB 

136 

0.02764 

0.00007153 

24 

16B26 

W16X26F 

116 

0.02764 

0.00007153 

25 

16B26 

W16X26F 

252 

0.02764 

0.00007153 

26 

8C11.5 

C8X11.5B 

90 

0.02764 

0.00007153 

floor  4 

27 

16B26 

W1 626GB 

120 

0.02553 

0.00006608 

28 

16B26 

W16X26G 

120 

0.02553 

0.00006608 

29 

W16x40 

W16X40E 

84 

0.02684 

0.00006946 

30 

W16x40 

W16X40E 

81 

0.02684 

0.00006946 

31 

W16x40 

W16X40E 

75 

0.02684 

0.00006946 

32 

16B26 

W16X26H 

239 

0.04280 

0.00011077 

33 

W16X40 

W16X40F 

75 

0.04149 

0.00010739  . 

34 

W16x40 

W16X40F 

81 

0.04149 

0.00010739 

35 

W16x40 

W1640FB 

84 

0,04149 

0.00010739 

36 

16B26 

W16261B 

126 

0,02950 

0.00007634 

37 

16B26 

W1 6X261 

126 

0,02950 

0.00007634 

38 

16B26 

W1 6X261 

252 

0.02950 

0.00007634 

39 

8C11.5 

C8X11,5C 

90 

0.02950 

0.00007634 

too  of  bent 

40 

W16x40 

W16X40G 

23.57 

0.01779 

0.00004605 

41 

W16x40 

W16X40G 

69.00 

0.01779 

0.00004605 

42 

Wl6x40 

W16X40G 

27.00 

0.01779 

0.00004605 

43 

W16x40 

W16X40H 

96.00 

0.01247 

0.00003226 

44 

Wl6x40 

W16X40H 

23.57 

0.01247 

0.00003226 

45 

16  WF  71 

W16X67A 

119.57 

0.01280 

0.00003312 

46 

.16WF  71 

W16X67B 

47.10 

0.01813 

0.00004691 

47 

16  WF  71 

W16X67B 

72.47 

0.01813 

0.00004691 

48 

16  WF  88 

W16X89A 

119.57 

0.01771 

0.00004583 

49 

16  WF  88 

W16X89B 

119.57 

0.02304 

0.00005962 

50 

16  WF  71 

W16X67C 

72.47 

0.02345 

0.00006069 

51 

16WF71 

W16X67C 

47.10 

0.02345 

0.00006069 

52 

16WF71 

W16X67D 

119.57 

0.01813 

0.00004691 

53 

10W29 

W10X26  . 

80.00 

0.00025 

0.00000065 
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54 

10W29 

W10X26 

59.10 

0.00025 

0.00000065 

55 

10W29 

W10X26 

20.90 

0.00025 

0.00000065 

56 

10W29 

W10X26 

40.00 

0.00025 

0.00000065 

57 

10W29 

W10X26 

40.00 

0.00025 

0.00000065 

58 

10  W29 

W10X26 

20.90 

0.00025 

0.00000065 

59 

10W29 

W10X26 

59.10 

0.00025 

0.00000065 

60 

W  10x49 

W10X49 

74.77 

0.00000 

0.00000000 

61 

W  10x49 

W10X49 

74.77 

0.00000 

0.00000000 

62 

10W72 

W10X68 

30.80 

0.00033 

0.00000086 

63 

10  W72 

W10X68 

90.44 

0.00033 

0.00000086 

64 

10W72 

W10X68 

43.40 

0.00033 

0.00000086 

65 

10W72 

W10X68 

86.00 

0.00033 

0.00000086 

66 

10W72 

W10X68 

30.80 

0.00033 

0.00000086 

67 

10W72 

W10X68 

90.44 

0.00033 

0.00000086 

68 

Concrete  Bent 

TBNT 

92.91 

0.01341 

0.00003471 

69 

Concrete  Bent 

TBNT 

28.71 

0.01341 

0.00003471 

70 

Concrete  Bent 

TBNT 

56.57 

0.01341 

0.00003471 

71 

Concrete  Bent 

TBNT 

92.91 

0.01341 

0.00003471 

72 

Concrete  Bent 

TBNT 

28-.71 

0.01341 

0.00003471 

73 

Concrete  Bent 

TBNT 

56.57 

0.01341 

0.00003471 

74 

Concrete  Bent 

TBNT 

121.62 

0.01341 

0.00003471 

75 

Concrete  Bent 

TBNT 

56.57 

0.01341 

0.00003471 

76 

Concrete  Bent 

TBNT 

121.62 

0.01341 

0.00003471 

77 

Concrete  Bent 

TBNT 

56.57 

0.01341 

0.00003471 

cab  floor 

78 

12W27 

W12X26A 

69.00 

0.01296 

0.00003354 

79 

12W27 

W12X26B 

62.99 

0.00725 

0.00001876 

80 

12W27 

W12X26B 

«  7.34 

0.00725 

0.00001876 

81 

12W27 

W12X26B 

77.28 

0.00725 

0.00001876 

82 

12  W27 

W12X26B 

44.37 

0.00725 

0.00001876 

83 

12  W27 

W12X26C 

121.49 

0.01683 

0.00004357 

84 

12W27 

W12X26C 

70.45 

0.01683 

0.00004357 

85 

12  W27 

W12X26D 

95.97 

0.02255 

0.00005835 

86 

12W27 

W12X26D 

95.97 

0.02255 

0.00005835 

87 

12W27 

W12X26D 

21.03 

0.02255 

0.00005835 

88 

12W27 

W12X26D 

23.34 

0.02255 

0.00005835 

89 

12W27 

W12X26A 

51.64 

0.01296 

0.00003354 

90 

12W27 

W12X26A 

74.95 

0.01296 

0.00003354 

91 

12W27 

W12X26A 

21.03 

0.01296 

0,00003354 

92 

C  6  X  8-2 

C6X8.2A 

44.50 

0.00979 

0.00002534 

93 

12B19 

W12X19 

79.38 

0.00979 

0.00002534 

94 

12B19 

W12X19 

99.77 

0.00979 

0.00002534 

95 

12B19 

W12X19 

44.81 

0.00979 

0.00002534 

96 

C  6  X  8.2 

C6X8.2A 

50.03 

0.00979 

0.00002534 

97 

12B19 

W12X19 

111.98 

0.00979 

0.00002534 

98 

12B19 

W12X19 

111.98 

0.00979 

0.00002534 

99 

12B19 

W12X19 

71.41 

0.00979 

0.00002534 

100 

12B19 

W12X19 

111.98 

0.00979 

0.00002534 

101 

12B19 

W12X19 

111.98 

0.00979 

0.00002534 

102 

12W27 

W12X26E 

23.43 

0.00987 

0.00002555 

103 

12  W27 

W12X26E 

74.95 

0.00987 

0.00002555 

104 

12W27 

W12X26E 

74.98 

0.00987 

0.00002555 

105 

12W27 

W12X26E 

23.34 

0.00987 

0.00002555 

bot.  of  glass 

106 

C  4  X  7.25 

C47.25B 

96.00 

0.00134 

0.00000346 

107 

C4X7.25 

C47.25B 

96.00 

0.00134 

0.00000346 

108 

C4X7.25 

C47.25B 

95.99 

0.00134 

0.00000346 

109 

C  4  X  7.25 

C47.25B 

42.87 

0.00134 

0.00000346 

110 

C4X7.25 

C47.25B 

53.13 

0.00134 

0.00000346 

111 

C4X7.25 

C47.25B 

95.97 

0.00134 

0.00000346 

112 

C  4  X  7.25 

C47.25B 

95.97 

0.00134 

0.00000346 

113 

C  4  X  7.25 

C47-25B 

95.97 

0.00134 

0.00000346 

114 

C  4  X  7.25 

C47.25B 

95.97 

0.00134 

0.00000346 

115 

C  4  X  7.25 

C47.25B 

53.13 

0.00134 

0.00000346 

116 

C  4  X  7.25 

C47.25B 

42.87 

0.00134 

0.00000346 
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117 

C  4  X  7.25 

C47.25B 

95.99 

0.00134 

0.00000346 

top  of  qiass 

118 

C  6  X  8.2 

C6X8.2B 

81.00 

0.00071 

0.00000185 

119 

C  6x8.2 

C6X8.2B 

37.40 

0.00071 

0.00000185 

120 

C  6  X  8.2 

C6X8.2B 

37.40 

0.00071 

0.00000185 

121 

C  6x8.2 

C6X8.2B 

81.00 

0.00071 

0.00000185 

122 

C  6x8.2 

C6X8.2B 

80.96 

0.00071 

0.00000185 

123 

C  6  X  8.2 

C6X8.2B 

37.43 

0.00071 

0.00000185 

124 

06x8.2 

C6X8.2B 

37.43 

0.00071 

0.00000185 

125 

C  6  X  8.2 

C6X8.2B 

15.54 

0.00071 

0.00000185 

126 

06x8.2 

C6X8.2B 

65.42 

0.00071 

0.00000185 

127 

C  6  X  8.2 

C6X8.2B 

80.97 

0.00071 

0.00000185 

128 

C  6  X  8.2 

C6X8.2B 

37.35 

0.00071 

0.00000185 

129 

0  6  X  8.2 

C6X8.2B 

37.35 

0.00071 

0.00000185 

130 

0  6  X  8.2 

06X8.2B 

80.97 

0.00071 

0.00000185 

131 

0  6x8.2 

C6X8.2B 

80.97 

0.00071 

0.00000185 

132 

0  6  X  8.2 

C6X8.2B 

37.35 

0.00071 

0.00000185 

133 

0  6x8.2 

C6X8.2B 

37.35 

0.00071 

0.00000185 

134 

C  6  X  8.2 

C6X8.2B 

80.97 

0.00071 

0.00000185 

135 

0  6  X  8.2 

C6X8.2B 

65.42 

0.00071 

0.00000185 

136 

0  6x8.2 

C6X8.2B 

15.54 

0.00071 

0.00000185 

137 

0  6  X  8.2 

C6X8.2B 

37.43 

0.00071 

0.00000185 

138 

06x8.2 

C6X8.2B 

37.43 

0.00071 

0.00000185 

139 

C  6  X  8.2 

C6X8.2B 

80.96 

0.00071 

0.00000185 

cab  roof 

140 

W  14x30 

W14X30A 

6.00 

0.00801. 

0.00002072 

141 

W  14x30 

W14X30A 

78.00 

0.00801 

0.00002072 

142 

W  14x30 

W14X30A 

38.00 

0.00801 

0.00002072 

143 

W  14x30 

W14X30B 

38.00 

0.00417 

0.00001079 

144 

W  14x30 

W14X30B 

78.00 

0.00417 

0.00001079 

145 

W  14x30 

W14X30B 

6.00 

0.00417 

0.00001079 

146 

14B22 

W14X22A 

84.56 

0.00417 

0.00001079 

147 

14B22 

W14X22A 

74.85 

0.00417 

0.00001079 

148 

14B22 

W14X22A 

11.48 

0.00417 

0.00001079 

149 

14B22 

W14X22B 

73.15 

0.00971 

0.00002514 

150 

W  14x30 

W1 4X300 

84.61 

0.00971 

0.00002514 

151 

W  14x30 

W1 4X300 

10.46 

0.00971 

0.00002514 

152 

W14x30 

W14X30C 

64.23 

0.00971 

0.00002514 

153 

W14X30 

W14X30C 

37.72 

0.00971 

0.00002514 

154 

W  14x30 

W14X30C 

46.97 

0.00971 

0.00002514 

155 

W  14x30 

W14X30D 

46.97 

0.01355 

0.00003507 

156 

W14X30 

W14X30D 

37.72 

0.01355 

0.00003507 

157 

W  14x30 

W14X30D 

64.23 

0.01355 

0.00003507 

158 

W  14x30 

W14X30D 

10.46 

0.01355 

0.00003507 

159 

W14x30 

W14X30D 

84.61 

0.01355 

0.00003507 

160 

14B22 

W14X22C 

73.15 

0.01355 

0.00003507 

161 

14B22 

W14X22D 

11.48 

0.00801 

0.00002072 

162 

14B22 

W14X22D 

74.85 

0.00801 

0.00002072 

163 

14B22 

W14X22D 

84.56  . 

0.00801 

0.00002072 

164 

14B22 

W14X22E 

144.00 

0.00625 

0.00001618 

165 

14B22 

W14X22E 

144.00 

0.00625 

0.00001618 

166 

14B26 

W14X26 

144.00 

0.00625 

0.00001618 

167 

14B26 

W14X26 

144.00 

0.00625 

0.00001618 

168 

14B22 

W14X22E 

59.90 

0.00625 

0.00001618 

169 

14B26 

W14X26 

144.00 

0.00625 

0.00001618 

170 

14B26 

W14X26 

144.00 

0.00625 

0.00001618 

171 

14B22 

W14X22E 

59.90 

0.00625 

0.00001618 

172 

14B22 

W14X22E 

144.00 

0.00625 

0.00001618 

173 

14B22 

W14X22E 

144.00 

0.00625 

0.00001618 

174 

W  14x30 

W14X30E 

4.50 

0.00625 

0.00001618 

175 

W  14x30 

W14X30E 

78.00 

0.00625 

0.00001618 

176 

W  14x30 

W14X30E 

76.00 

0.00625 

0.00001618 

177 

W  14x30 

W14X30E 

78.00 

0.00625 

0.00001618 

178 

W  14x30 

W14X30E 

4.50 

0.00625 

0.00001618 
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2nd  Floor 

Tower  Stairs: 

Total  Stair  Weight  =  2828  lb. 


Mechanical  &  Electrical: 

w  = 

5 

lb./sq.  ft. 

Area  = 

354.74 

sq.ft. 

Weight  = 

1774 

lb. 

2nd  Floor  Summary 

Eccentrically  Distributed  Loads: 

-  Weight  from  additional  members  = 

0 

lb. 

-  Concrete  Deck  = 

22171 

lb. 

-  Interior  Walls  = 

2662 

lb.  (1/3  floor  1  +  2/3  floor  2) 

(including  doors  etc.) 

-  Stairs  (lb) '= 

2828 

lb.  (18  treads  +  landing) 

-  Mech  &  Elect  (lb)  = 

1774 

lb. 

-  Misc(lb)  = 

3547 

lb. 

Sub-total  (lb): 

32982 

■|b. 

c 

Distribution  to  exterior  beams: 

16491 

lb. 

Distribution  to  Interior  beams: 

16491 

lb. 

E 

exterior  beam  length: 

79.71 

ft. 

Total  length  of  interior  beams: 

49.50 

ft. 

D 

F 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls: 

15549 

lb.  (1/3  floor  1  +  2/3  floor  2) 

A 

(including  doors  etc.) 

Walt  A  = 

0.5286 

Wall  B  = 

0.6000 

Layout  -  Plan  View 

Wall  C  = 

1.4714 

Wall  D  = 

1.4000 

Exterior  Beams 

Member  # 

Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

Location 

(in.) 

(Ibyft.) 

(k/in) 

1 

W1626AB 

129.57 

304.42 

0.025368 

A 

2 

W16X26A 

109.57 

304.42 

0.025368 

A 

3 

W16X40A 

83.57 

319.19 

0.026599 

B 

4 

W16X40A 

81.00 

319.19 

0.026599 

B 

5 

W16X40A 

74.57 

319.19 

0.026599 

B 

6 

W16X26B 

239.14 

499.46 

0.041622 

C 

7 

W16X40B 

74.57 

484.69 

0.040391 

D 

8 

W16X40B 

81.00 

484.69 

0.040391 

D 

9 

W1640BB 

83.57 

484.69 

0.040391 

D 

Interior  Beams 

Member  # 

Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

Location 

(in.) 

(lb./ft.) 

(k/in) 

10 

W1626CB 

136.00 

333.15 

0.027762 

F 

11 

W16X26C 

116.00 

333.15 

0.027762 

F 

12 

W16X26C 

252.00 

333.15 

0.027762 

E 

13 

C8X11.5A 

90.00 

333.15 

0.027762 

F-A 

Total  Self  Weight  of  Beams: 

3808.8 

lb. 

Total  Additional  Weight  to  Beams: 

48.5 

lb. 

3rd  Floor 

Tower  Stairs: 

Total  Stair  Weight  = 

2828 

lb. 

Mechanical  &  Electrical: 

w  = 

5 

Ib./sq.  ft. 

Area  = 

354.74 

sq.  ft. 

Weight  = 

1774 

lb. 
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Misc.  (equipment,  connections,  etc.) 

w  = 

10 

lb./sq.  ft. 

Total  Floor  Area  = 

354.74 

sq.  ft. 

Weight  = 

3547 

lb. 

3rd  Floor  Summary 

Eccentrically  Distributed  Loads: 

-  Weight  from  additional  members  = 

0 

lb. 

-  Concrete  Deck  = 

22171 

lb. 

-  Interior  Walls  (including  doors  etc.)  = 

2515 

lb.  (1/3  floor  below  +  2/3  floor  above) 

-  Stairs  (lb)  = 

2828 

lb. 

-  Mech  &  Elect  (lb)  = 

1774 

lb. 

-  Misc  (lb)  = 

3547 

lb. 

Sub-total  (lb): 

32835 

lb. 

C 

Distribution  to  exterior  beams: 

16418 

lb. 

Distribution  to  interior  beams: 

16418 

lb. 

E 

exterior  beam  length: 

79.71 

ft. 

interior  beam  length: 

49.50 

ft. 

D 

F 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls: 

15478 

lb.  (1/3  floor  below  +  2/3  floor  above) 

A 

(including  doors  etc.) 

Wall  A  = 

0.5286 

Wall  B  = 

0.6000 

Layout  -  Plan  View 

Wall  C  = 

1.4714 

Wall  D  = 

1.4000 

Exterior  Beams 

Member  # 

Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

Location 

(in.) 

(lb./ft.) 

(k/in) 

14 

W1626DB 

129.57 

303.04 

0.025253 

A 

15 

W16X26D 

109.57 

303.04 

0.025253 

A 

16 

W16X40C 

83.57 

317.75 

0.026479 

B 

17 

W16X40C 

81.00 

317.75 

0.026479 

6 

18 

W16X40C 

74.57 

317.75 

0.026479 

B 

19 

W16X26E 

239.14 

497.22 

0.041435 

C 

20 

W16X40D 

74.57 

482.51 

0.040209 

D 

21 

W16X40D 

81.00 

482.51 

0.040209 

D 

22 

W1640DB 

83.57 

482.51 

0.040209 

D 

Interior  Beams 

Member  # 

Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

Location 

(in.) 

(lb./ft.) 

(k/in) 

23 

W1626FB 

136.00 

331.67 

0.027639 

F 

24 

W16X26F 

116.00 

331.67 

0.027639 

F 

25 

W16X26F 

252.00 

331.67 

0.027639 

E 

26 

C8X11.5B 

90.00 

331.67 

0.027639 

F-A 

Total  Self  Weight  of  Beams: 

3808.8 

lb. 

Total  Additional  Weight  to  Beams: 

48.3 

lb. 

4th  Floor 

Tower  Stairs: 

Total  Stair  Weight  = 

2761 

lb. 

Mechanical  &  Electrical: 

w  = 

5 

Ib./sq.  ft. 

Area  = 

367.32 

sq.ft. 

Weight  = 

1837 

lb. 

Misc.  (equipment,  connections,  etc.) 

w  = 

10 

Ib./sq.  ft. 
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Total  Floor  Area  = 

367.32 

sq. 

ft. 

Weight  = 

3673 

lb 

4th  Floor  Summary 

Eccentrically  Distributed  Loads: 

-  Weight  from  additional  members  = 

0 

lb. 

-  Concrete  Deck  = 

23325 

lb. 

-  Interior  Walls  = 

3447 

lb. 

(including  doors  etc.) 

-  Stairs  (lb)  = 

2761 

lb. 

-  Mech  &  Elect  (lb)  = 

1837 

lb. 

-  Misc  (lb)  = 

3673 

lb. 

Sub-total  (lb): 

35042 

'lb. 

C 

Distribution  to  exterior  beams: 

17521 

lb. 

Distribution  to  interior  beams: 

17521 

lb. 

E 

exterior  beam  length: 

79.71 

ft. 

interior  beam  length: 

Uniformly  Distributed  Loads: 
Wt.  Of  exterior  walls: 

49.50 

ft. 

D 

F 

15162 

lb. 

A 

(including  doors  etc.) 

Wall  A  = 

0.5286 

Wall  B  = 

0.6000 

Layout  -  Plan  View 

Wall  C  = 

1.4714 

Wall  D  = 

1.4000 

Exterior  beams 

Member  # 

Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

Location 

(in.) 

(lb./ft.) 

(k/in) 

27 

W1 626GB 

119.57 

306.39 

0.025532 

A 

28 

W16X26G 

119.57 

306.39 

0.025532 

A 

29 

W16X40E 

83.57 

322.08 

0.026840 

B 

30 

W16X40E 

81.00 

322.08 

0.026840 

B 

31 

W16X40E 

74.57 

322.08 

0.026840 

B 

32 

W16X26H 

239.14 

513.62 

0.042802 

C 

33 

W16X40F 

74.57 

497.93 

0.041494 

D 

34 

W16X40F 

81.00 

497.93 

0.041494 

D 

35 

W1640FB 

83.57 

497.93 

0.041494 

D 

Interior  Beams 

Member  # 

Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

Location 

(in.) 

(lb./ft.) 

(k/in) 

36 

W1626IB 

126.00 

353.96 

0.029497 

F 

37 

W1 6X261 

126.00 

353.96 

0.029497 

F 

38 

W1 6X261 

252.00 

353.96 

0.029497 

E 

39 

C8X11.5C 

90.00 

353.96 

0.029497 

F-A 

Total  Self  Weight  of  Beams: 

3808.8 

lb. 

Total  Additional  Weight  to  Beams: 

50.2 

lb. 

Top  of  Bent 

Tower  Stairs: 

Total  Stair  Weight  == 

2096 

lb. 

Mechanical  &  Electrical: 

w  = 

5 

Ib./sq.  ft. 

Area  = 

440.00 

sq.  ft. 

Weight  = 

2200 

lb. 

Misc.  (equipment,  connections,  etc.) 

w  = 

0 

Ib./sq.  ft. 

Total  Floor  Area  = 

440.00 

sq.  ft. 

Weight  = 

0 

lb 
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Top  of  Bent  Summary 

Eccentrically  Distributed  Loads: 
Weight  from  additional  members: 
all  loads  except  ext.  walls: 

Stairs : 

-  Mech  &  Elect  (lb)  = 

-  Misc  (lb)  =_ 
Sub“total  (lb):~ 

Distribution  to  exterior  beams: 
Distribution  to  interior  beams: 

exterior  beam  length: 
total  length  of  Interior  beams: 

Uniformly  Distributed  Loads: 
Wt.  Of  exterior  walls: 
(including  doors  etc.) 


4381  lb. 

10443  lb. 

2096  lb. 

2200  lb. 

0  lb. 

19120  lb. 


lb.  (1/3  floor  4  +  2/3  between  bent  and  cab  floor) 


Layout  -  Plan  View 


Dist  AB  =  1 .0000 
Dist  CD  =  1 .0000 


Dist  AD  =  1.5330 
Dist  BC  =  0.4670 


Exterior  Beams 

Member  #  Model  Section 


Member  Length 


(in.) 

40 

W16X40G 

23.57 

41 

W16X40G 

69.00 

42 

W16X40G 

27.00 

43 

W16X40H 

96.00 

44 

W16X40H 

23.57 

45 

W16X67A 

119.57 

46 

W16X67B 

47.10 

47 

W16X67B 

72.47 

48 

W16X89A 

119.57 

49 

W16X89B 

119.57 

50 

W16X67C 

72.47 

51 

W16X67C 

47.10 

52 

W16X67D 

119.57 

Interior  Beams 

Member  #  Model  Section  Member  Length 


(in.) 

53 

W10X26 

80.00 

54 

W10X26 

59.10 

55 

W10X26 

20.90 

56 

W10X26 

40.00 

57 

W10X26 

40.00 

58 

W10X26 

20.90 

59 

W10X26 

59.10 

60 

W10X49 

74.77 

61 

W10X49 

74.77 

62 

W10X68 

30.80 

63 

W10X68 

90.44 

64 

W10X68 

43.40 

65 

W10X68 

86.00 

66 

W10X68 

30.80 

67 

W10X68 

90.44 

68 

TBNT 

92.91 

69 

TBNT 

28.71 

70 

TBNT 

56.57 

71 

TBNT 

92.91 

72 

TBNT 

28.71 

73 

TBNT 

56.57 

74 

TBNT 

121.62 

75 

TBNT 

56.57 

76 

TBNT 

121.62 

Additional  Load 
(lb./ft.) 

213.50 

213.50 

213.50 

149.58 

149.58 

149.58 

213.50 
213-50 
213-50 

277.43 

277.43 

277.43 

213.50 


Additional  Load 
(lb./ft.) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

160.95 

160.95 

160.95 

160.95 

160.95 

160.95 

160.95 

160.95 

160.95 


Additional  Load 
(k/in) 
0.017792 
0.017792 
0.017792 
0.012465 
0.012465 
0.012465 
0.017792 
0.017792 
0.017792 
0.023119 
0.023119 
0.023119 
0.017792 


Additional  Load 
(k/in) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

d 

0 

0 

0.013412 

0.013412 

0.013412 

0.013412 

0.013412 

0.013412 

0.013412 

0.013412 

0.013412 
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TBNT 

56.57  160.95  0.013412 

Total  Self  Weight  of  Beams: 

33328.5 

lb. 

Total  Additional  Weight  to  Beams: 

26.6 

lb. 

Cab  Floor 

Stairs: 

Total  stair  weight  = 

133 

lb. 

Mechanical  &  Electrical: 

w  = 

5 

IbVsq.  ft. 

Area  = 

400.00 

sq.  ft. 

Weight  = 

2000 

lb. 

Misc.  (equipment,  connections,  etc.) 

w  = 

0 

Ib./sq.  ft. 

Total  Floor  Area  = 

400.00 

sq.  ft. 

Weight  = 

0 

lb 

Cab  Floor  Summary 

Eccentrically  Distributed  Loads: 

-  Weight  from  additional  members  : 

0 

lb. 

All  loads  except  ext.  walls: 

18125 

lb. 

-Stairs: 

133 

lb. 

-  Mech  &  Elect  (lb)  = 

2000 

lb. 

-  Misc  (lb)  = 

0 

lb. 

Sub-total  (lb):  20258 

Distribution  to  exterior  beams:  1 01 29 

Distribution  to  interior  beams:  1 01 29 

total  length  of  exterior  beams:  69.74 

total  length  of  interior  beams:  86.21 

Uniformly  Distributed  Loads: 

Wt.  Of  exterior  walls:  2268 

(including  doors  etc.) 

Wall  AF=  1.6320 
Wall  CG  =  0.3680 

Exterior  beams 


Member  # 

Model  Section 

Member  Length 
(in.) 

Additional  Load 
(lb./ft.) 

Additional  Load 
(k/in) 

78 

W12X26A 

69.00 

154.53 

0.012877 

79 

W12X26B 

62.99 

85.98 

0.007165 

80 

W12X26B 

7.34 

85.98 

0.007165 

81 

W12X26B 

77.28 

85.98 

0.007165 

82 

W12X26B 

44.37 

85.98 

0.007165 

83 

W12X26C 

121 .49 

201.01 

0.016750 

84 

W12X26C 

70.45 

201.01 

0.016750 

85 

W12X26D 

95.97 

269.56 

0.022463 

86 

W12X26D 

95.97 

269.56 

0.022463 

87 

W12X26D 

21.03 

269.56 

0.022463 

88 

W12X26D 

23.34 

269.56 

0.022463 

89 

W12X26A 

51.64 

154.53 

0.012877 

90 

W12X26A 

74.95 

154.53 

0.012877 

91 

W12X26A 

21.03 

154.53 

0.012877 

Interior  Beams 

Member  # 

Model  Section 

Member  Length 
(in.) 

Additional  Load 
(Ib7ft.) 

Additional  Load 
(k/in) 

92 

C6X8.2A 

44.50 

117.49 

0.009791 

93 

W12X19 

79.38 

117.49 

0.009791 

94 

W12X19 

99.77 

117.49 

0.009791 

95 

W12X19 

44.81 

117.49 

0.009791 

lb. 

lb. 

lb. 

ft. 

ft. 


lb. 


Wall  AG  -  1.1600 
Wall  FH  -  0.8400 


Layout  -  Plan  View 
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96 

C6X8.2A 

50.03 

117.49 

0,009791 

97 

W12X19 

111.98 

117.49 

0.009791 

98 

W12X19 

111.98 

117.49 

0.009791 

99 

W12X19 

71.41. 

117.49 

0.009791 

100 

W12X19 

111.98 

117.49 

0.009791 

101 

W12X19 

111.98 

117.49 

0.009791 

102 

W12X26E 

23.43 

117.49 

0.009791 

103 

W12X26E 

74.95 

117.49 

0.009791 

104 

W12X26E 

74.98 

117.49 

0.009791 

105 

W12X26E 

23.34 

117.49 

0.009791 

Total  Self  Weight  of  Beams: 

3481 

lb. 

Total  Additional  Weight  to  Beams: 

22.8 

lb. 

Bottom  of  Glass 

Eccentrically  Distributed  Loads: 
Weight  from  additional  members: 

0 

lb. 

wt.  from  glass: 

681 

lb. 

wt.  from  other: 

0 

lb. 

Sub-total  (lb):' 

681 

‘lb. 

Distribution  to  exterior  beams: 

681 

lb. 

(no  interior  beams) 

exterior  beam  length: 

79.99 

ft. 

Uniformly  Distributed  Loads: 

Wt.  Of  exterior  walls: 
(including  doors  etc.) 

600 

lb. 

Dist  AF  = 

1.0000 

Dist  AG  =  1.0000 

DistGH  = 

1.0000 

Dist  FH  =  1.0000 

Exterior  beams 

Member  # 

Model  Section 

Member  Length  Additional  Load 

Additional  Lo 

(in.) 

(lb./ft.) 

(k/in) 

106 

C47.25B 

96.00 

16.02 

0.001335 

107 

C47.25B 

96.00 

16.02 

0.001335 

108 

C47.25B 

95.99 

16.02 

0.001335 

109 

C47.25B 

42.87 

16.02 

0.001335 

110 

C47.25B 

53.13 

16.02 

0.001335 

111 

C47.25B 

95.97 

16,02 

0.001335 

112 

C47.25B 

95.97 

16.02 

0.001335 

113 

C47.25B 

95.97 

16.02 

0.001335 

114 

C47.25B 

95.97 

16.02 

0.001335 

115 

C47.25B 

53.13 

16.02 

0.001335 

116 

C47.25B 

42.87 

16.02 

0.001335 

117 

C47.25B 

95.99 

16.02 

0,001335 

Total  Self  Weight  of  Beams: 

579.9 

lb. 

Total  Additional  Weight  to  Beams: 

1.3 

lb. 

Top  of  Glass 

Eccentrically  Distributed  Loads: 
Weight  from  additional  members: 

0 

lb. 

wt.  from  glass: 

845 

lb. 

wt.  from  other:  _ 

0 

lb. 

Sub-total  (lb): 

845 

lb. 

Distribution  to  exterior  beams: 

845 

lb. 

(no  Interior  beams) 

exterior  beam  length: 

98.63 

ft. 

Uniformly  Distributed  Loads: 

Wt.  Of  exterior  walls: 

0 

lb. 

Layout  -  P^an  Vtew 


(including  doors  etc.) 


100 


USACERLTR  99/04 


Dist  AF  = 

1.0000 

Dist  AG  = 

1.0000 

Layout  -  Plan  View 

Dist  GH  = 

1.0000 

Dist  FH  = 

1.0000 

Exterior  beams 

Member  # 

Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

(in-) 

(lb./ft.) 

(k/in) 

118 

C6X8.2B 

81.00 

8.56 

0.000714 

119 

C6X8.2B 

37.40 

8.56 

0.000714 

120 

C6X8.2B 

37.40 

8.56 

0.000714 

121 

C6X8.2B 

81.00 

8.56 

0.000714 

122 

C6X8.2B 

80.96 

8.56 

0.000714 

123 

C6X8.2B 

37.43 

8.56 

0.000714 

124 

C6X8.2B 

37.43 

8.56 

0.000714 

125 

C6X8.2B 

15.54 

8.56 

0.000714 

126 

C6X8.2B 

65.42 

8.56 

0.000714 

127 

C6X8.2B 

80.97 

8.56 

0.000714 

128 

C6X8.2B 

37.35 

8.56 

0.000714 

129 

C6X8.2B 

37.35 

8.56 

0.000714 

130 

C6X8.2B 

80.97 

8.56 

0.000714 

131 

C6X8.2B 

80.97 

8.56 

0.000714 

132 

C6X8.2B 

37.35 

8.56 

0.000714 

133 

C6X8.2B 

37.35 

8.56 

0.000714 

134 

C6X8.2B 

80.97 

8.56 

0.000714 

135 

C6X8.2B 

65.42 

8.56 

•0.000714 

136 

C6X8.2B 

15.54 

8.56 

0.000714 

137 

C6X8.2B 

37.43 

8.56 

0.000714 

138 

C6X8.2B 

37.43 

8.56 

0.000714 

139 

C6X8.2B 

80.96 

8.56 

0.000714 

Total  Self  Weight  of  Beams: 

808.8 

lb. 

Total  Additional  Weight  to  Beams: 

0.8 

lb. 

Cab  Roof 

Mechanical  &  Electrical: 

w  = 

5 

Ib./sq.  ft. 

Area  = 

770.00 

sq.  ft. 

Weight  = 

3850 

lb. 

Misc.  (equipment,  connections,  etc.) 

w  = 

-  0 

Ib./sq.  ft. 

Total  Floor  Area  = 

770.00 

sq.  ft. 

Weight  = 

0 

lb 

Cab  Roof  Summary 

Eccentrically  Distributed  Loads: 
Weight  from  additional  members: 

0 

lb. 

A 

Roof  weight  minus  cladding  weight: 

15071 

lb. 

Mech  &  Elect: 

3850 

lb. 

F  G 

Misc:_ 

0 

lb. 

Sub-total  (lb): 

18921 

lb. 

D  H  C 

Distribution  to  exterior  beams: 

9461 

lb. 

Distribution  to  interior  beams: 

9461 

ib. 

total  length  of  exterior  beams: 

101.67 

ft. 

Layout  -  Plan  View 

total  length  of  interior  beams: 

126.07 

ft. 

Uniformly  Distributed  Loads: 

Wt.  Of  exterior  walls: 

1350 

Ib.  (from  top  of  glass  to  roof) 

(including  doors  etc.) 

Wall  AF  =  1 .6050  Wall  AG  =  1 .1 1 00 

Wall  GH  =  0.3950  Wall  FH  =  0.8900 

Exterior  beams 

Member  #  Model  Section  Member  Length  Additional  Load  Additional  Load 
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(in.) _ (Ib7ft.) _ (k/in) 


140 

W14X30A 

6.00 

96.09 

0.008008 

141 

W14X30A 

78.00 

96.09 

0.008008 

142 

W14X30A 

38.00 

96.09 

0.008008 

143 

W14X30B 

38.00 

50.03 

0.004169 

144 

W14X30B 

78.00 

50.03 

0.004169 

145 

W14X30B 

6.00 

50.03 

0.004169 

146 

W14X22A 

84.56 

50.03 

0.004169 

147 

W14X22A 

74.85 

50.03 

0.004169 

148 

W14X22A 

11.48 

50.03 

0.004169 

149 

W14X22B 

73.15 

116.56 

0.009714 

150 

W14X30C 

84.61 

116.56 

0.009714 

151 

W14X30C 

10.46 

116.56 

0.009714 

152 

W14X30C 

64.23 

116.56 

0.009714 

153 

W14X30C 

37.72 

116.56 

0.009714 

154 

W14X30C 

46.97 

116.56 

0.009714 

155 

W14X30D 

46.97 

162.62 

0.013552 

156 

W14X30D 

37.72 

162.62 

0.013552 

157 

W14X30D 

64.23 

162.62 

0.013552 

158 

W14X30D 

10.46 

162.62 

0.013552 

159 

W14X30D 

84.61 

162.62 

0.013552 

160 

W14X22C 

73.15 

162.62 

0.013552 

161 

W14X22D 

11.48 

96.09 

0.008008 

162 

W14X22D 

74.85 

96.09 

0.008008 

163 

W14X22D 

84.56 

96.09 

0.008008 

Interior  Beams 

Member  #  Model  Section 

Member  Length 

Additional  Load 

Additional  Load 

(in.) 

(IbVft.) 

(k/in) 

164 

W14X22E 

144.00 

75.04 

0.006254 

165 

W14X22E 

144.00 

75.04 

0.006254 

166 

W14X26 

144.00 

75.04 

•  0.006254 

167 

W14X26 

144.00 

75.04 

0.006254 

168 

W14X22E 

59.90 

75.04 

0.006254 

169 

W14X26 

144.00 

75.04 

0.006254 

170 

W14X26 

144.00 

75.04 

0.006254 

171 

W14X22E 

59.90 

75.04 

0.006254 

172 

W14X22E 

144.00 

75.04 

0.006254 

173 

W14X22E 

144.00 

75.04 

0.006254 

174 

W14X30E 

4.50 

75.04 

0.006254 

175 

W14X30E 

78.00 

75.04 

0.006254 

176 

W14X30E 

76.00 

75.04 

0.006254 

177 

W14X30E 

78.00 

75.04 

0.006254 

178 

W14X30E 

4.50 

75.04 

0.006254 

Total  Self  Weight  of  Beams: 

5851.0 

lb. 

Total  Additional  Weight  to  Beams: 

20.4 

lb. 

DOORS: 

Location 

Description 

Area 

Total  Weight 

Number 

(sq.  in.) 

(lb.) 

1 

FL-1  exit 

”B'’-self-closing 

6468.00 

229 

2 

FL-1  stair 

H 

6468.00 

229 

3 

FL-1  Telco 

W 

5439.00 

193 

4 

FL-2  stair 

H 

6468.00 

229 

5 

FL-all  c.  chase 

solid  core 

1440.00 

58 

6 

FL-2  stair 

"B”-self-closing 

6468.00 

229 

7 

omitted 

... 

— 

8 

FL-4  bath 

"B^-self-closing 

5439.00 

193 

9 

FL-4  stair 

6468.00 

229 

10 

FL-4/5  landing 

II 

5512.00 

195 

11 

FL-4  closet 

It 

5439.00 

193 

12 

FL-4  closet 

5439.00 

193 

13 

FL-5  catwalk 

H 

3251.25 

115 

DOORS  JAMBS: 


102 


USACERL  TR  99/04 


Door  Number 

Area 
(sq.  in.) 

Weight 

(lb./ft.) 

Top  Stud  Weight 
(lb./ft.) 

Total  Weight 
(lb.) 

1 

1.11 

3.76 

1.77 

69 

2 

1.11 

3.76 

1.77 

69 

3 

1.11 

3.76 

1.77 

67 

4 

1.11 

3.76 

1.77 

69 

5 

1.11 

3.76 

1.77 

44 

6 

1.11 

3.76 

1.77 

69 

7 

— 

— 

— 

— 

8 

1.11 

3.76 

1.77 

67 

9 

1.11 

3.76 

1.77 

69 

10 

1.11 

3.76 

1.77 

65 

11 

1.11 

3.76 

1.77 

67 

12 

1.11 

3.76 

1.77 

67 

13 

1.11 

3.76 

1.77 

50 

INTERIOR  WALLS: 

Wall 

Wall  Area 

Unit  Weight 

Total  wt.-wall 

Total  wt. 

Floor 

Number 

(sq.ft.) 

of  wall 
(lb./sq.  ft.) 

material  only 
(lb.) 

walls  +  doors 
(lb.) 

1 

1 

27.79 

6.33 

176 

176 

(ground) 

2 

26.42 

6.33 

167 

269 

3 

220.50 

6.33 

1395 

1694 

4  (telco) 

61.87 

6.33 

391 

391 

5 

26.11 

6.33 

165 

425 

2955 

2 

1 

27.79 

6.33 

176 

176 

2 

67.63 

6.33 

428 

530 

3 

153.42 

6.33 

971 

1269 

4 

85.29 

6.33 

540 

540 

2515 

3 

1 

27.79 

6.33 

176 

176 

2 

67.63 

6.33 

428 

530 

3 

153.42 

6.33 

971 

1269 

4 

85.29 

6.33 

540 

540 

2515 

4 

1 

31.38 

6.33 

199 

458 

2 

49.58 

6.33 

314 

573 

3 

32.58 

6.33 

206 

206 

4 

30.25 

6.33 

191 

294 

5 

145.75 

6.33 

922 

1221 

6 

67.79 

6.33 

429 

688 

7 

74.75 

6.33 

473 

473 

3913 

EXTERIOR  WALLS; 

Wall 

Number 

Final  Area 

Wall  Unit  Weight 

Total  wt.--wall 
material  only 

Total  wt.--wall+ 
wtndows+doors+ 

Floor 

(sq.  ft.) 

(lb./sq.  ft.) 

(lb) _ 

louvers  (lb.) 

1 

1 

239.14 

16.33 

3905 

3905 

2 

239.14 

16.33 

3905 

3905 

3 

239.14 

16.33 

3905 

3905 

4 

218.14 

16.33 

3562 

3791 

15505 

2 

1 

235.02 

16.33 

3837 

3858 

2 

239.14 

16.33 

3905 

3905 

3 

239.14 

16.33 

3905 

3905 

4 

239.14 

16.33 

3905 

3905 

15572  I 

3 

1 

222.64 

16.33 

3635 

3718 
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2 

239.14 

16.33 

3905 

3905 

3 

239.14 

16.33 

3905 

3905 

4 

239.14 

16.33 

3905  _ _ 

3905 

15431 

4 

1 

203.62 

16.33 

3325 

3609 

2 

239.14 

16.33 

3905 

3905 

3 

239.14 

16.33 

3905 

3905 

4 

203.62 

16.33 

3325  _ 

3609 

15027 

FLOOR  WEIGHTS: 

Floor 

Floor  Area 

Unit  Weight 

Additional  Weight 

Total  Weight 

(sq.ft.) 

(lb./sq.  ft.) 

(lb./sq.  ft.) 

(lb.) 

1  (ground) 

455.11 

62.50 

0,00 

28444 

2 

354.74 

62.50 

0.00 

”  22171 

3 

354.74 

62.50 

0.00 

22171 

4 

367.32 

63.50 

0.00 

23325 

weight  of  bent  level: 

Item 

Floor  Area 

Unit  Weight 

Total  Weight 

(sq.  ft.) 

(lb./sq.  ft.) 

(lb.) 

exterior  cladding  below  bent 

70.00 

4.50 

315 

exterior  cladding  above  bent 

246.40 

13.00 

3203 

catwalk  steel  decking 

233.52 

2.72 

635 

2"  catwalk  concrete  +  decking 

213.33 

34.00 

7253 

hand  rails  on  catwalk  (ft) 

331.25 

2.27 

752 

suspended  tile  ceiling 

367.32 

1.00 

367 

suspended  gypsum  ceiling 

77.88 

2.50 

195 

wall  on  stairs 

60.02 

6.33 

380 

ladder  to  roof 

696 

catwalk  door 

165 

13961 

lb. 

Additional  Members 

Unit  Weight 

Length 

Number 

Total  Weight 

(lb./ft.) 

(ft.) 

(lb.) 

C  6x8.2 

8.20 

6.67 

2 

109 

C  6x8.2 

8.20 

5.83 

2 

96 

C  6x8.2 

8.20 

5.00 

2 

82 

0  8x11.5 

11.50 

4.00 

2 

92 

0  8x11.5 

11.50 

5.50 

2 

127 

010x15.3 

15.30 

108.56 

1 

1661 

W 10x49 

49.00 

4.86 

2 

476 

W  10x15 

15.00 

49.73 

1 

746 

W 10x68 

68.00 

4.86 

3 

992 

4381  lb. 

weight  of  cab  floor  level: 

Total  Area 

Unit  Weight 

Total  Weight 

item 

(sq.  ft.) 

(lb./sq.  ft.) 

(lb.) 

exterior  cladding 

230.00 

7.83 

1801 

wall  on  stairs 

52.00 

6.33 

329 

flooring 

400.00 

2.00 

800 

slab 

400.44 

40.00 

16018 

shelf,  cabinets,  console,  sink 

— 

978 

19926 

lb. 

weight  of  bottom  of  glass  level: 

Bottom  Length 

Distributed  Load 

Total  Weight 

item 

(in.) 

(lb./in.) 

(all  10  panes)  (lb.) 

3/8"  glass 

96.00 

0.71 

681 

WPL,  MPL  for  vertical  mullions: 

Label 

Section 

Distributed  Load 

Weight  per  Length 

Mass  per  Length 

(lb./in.) 

(k/in) 

(k*s2/in2) 

OOL 

CCMODO 

0.71 

0.001420 

0.00000367  . 
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COL 

CCMOD1 

0.71 

0.001420 

COL 

CCMOD2 

0.71 

0.001420 

COL 

S3X7.5A 

0.71 

0.001420 

COL 

S3X7.5B 

0.71 

0.001420 

COL 

S3X7.5C 

0.71 

0.001420 

weight  of  top  of  glass  level: 

Unit  Weight 

Distributed  Load 

Total  Weight 

Item 

(lb./sq.  ft.) 

(lb./in.) 

(all  10  panes)  (lb.) 

3/8"  glass 

5.03 

0.71 

845 

weight  of  cab  roof: 

item 

total  area 

unit  weight 

Total  Weight 

(sq.ft.)  . 

(lb./sq.  ft.) 

(lb.) 

exterior  cladding 

300.00 

4.50 

1350 

suspended  ceiling 

609.00 

1.00 

609 

lights 

203.00 

4.00 

812 

decking 

770.00 

2.00 

1540 

2"  rigid  insulation 

770.00 

3.00 

2310 

felt  and  gravel 

770.00 

10.00 

7700 

duckboard  (ft),  (Ib/ft) 

80.00 

6.56 

525 

spiked  deck  (per  George) 

— 

— 

575 

railing 

— 

— 

1000 

Total  Weight: 

16421 

(cladding  Included) 

STAIR  CALCULATIONS: 

Assumptions: 

. 

1 .  Light  Weight  Concrete: 

115 

lb./cu.  ft. 

2. 12  Ga.  Steel  Decking: 

4.27 

Ib./cu.  ft. 

3.  3/8"  Cast  Alum(Ryerson,  pg.  23): 

5.29 

Ib./cu.  ft. 

Stair  Calculations:  Floor  1-2 

Dwg  A3 

Stair  Tread:  Details  1 , 2, 3, 4,  5, 6 

Volume  5= 

0.36 

cu.  ft. 

Concrete  Weight  = 

42 

lb. 

Nosing,  Sub-Tread  Area= 

2.50 

sq.  ft. 

Nosing  Weight  = 

11 

lb. 

Riser  Area  = 

1.80 

Riser  Weight  = 

7.67 

Aluminum  Tread  Area  = 

0.75 

sq.  ft. 

Aluminum  Weight  = 

4 

lb. 

Angle:  1  1/4x1  1/4x1/8 

Angle  Length  = 

1.13 

ft. 

Angle  Weight  = 

2 

lb. 

Tread  Weight^ 

67 

lb.  (per  tread) 

#  of  treads,  floor  2  = 

18 

treads 

Dwg  S5 

Landing: 

Concrete  Area  = 

28.75 

sq.  ft. 

Concrete  Weight  = 

551 

lb. 

Metal  Deck  Weight  = 

123 

lb. 

6x4x1 /4  SST 

Length  = 

7.67 

ft. 

Weight  = 

120 

lb. 

4x4x3/8  SST 

Length  = 

12.00 

ft. 

Weight  = 

207 

lb. 

Landing  Weight  = 

1001 

lb. 

Channels: 

Cl  0x8.4 

Length  = 

47.67 

ft- 

0.00000367 

0.00000367 

0.00000367 

0.00000367 

0.00000367 
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Weight  = 

400 

lb. 

Metal  Trim  (18  Ga) 

w  = 

1.02 

IbVft. 

Length  = 

47.67 

ft. 

Weight  = 

48 

lb. 

Channel  Weight  = 

449 

lb. 

Dwg  A3 

Railing:  Section  3, 6 

w  = 

2.27 

lb./ft. 

Length  = 

62.40 

ft. 

Weight  = 

142 

lb. 

Posts:  Section  78  to  92 

Length  = 

17.00 

ft. 

Weight  = 

39 

lb. 

Stair  Calculations:  Floor  2-3 

Dwg  A3 

Stair  Tread:  Details  1,2,3,' 

4,  5,6 

Volume  = 

0.36 

cu.  ft. 

Concrete  Weight  = 

42 

lb. 

Nosing,  Sub-Tread  Area= 

2.50 

sq.  ft. 

Nosing  Weight  = 

11 

lb. 

Riser  Area  = 

2 

Riser  Weight  = 

8 

Aluminum  Tread  Area  = 

0.75 

sq.  ft. 

Aluminum  Weight  = 

4 

lb. 

Angle:  1  1/4x1  1/4x1/8 

Angle  Length  = 

1.13 

ft. 

Angle  Weight  = 

2 

lb. 

Tread  Welght= 

67 

lb.  (per  tread) 

#  of  treads,  floor  2  = 

18 

treads 

Dwg  S5 

Landing: 

Concrete  Area  = 

28.75 

sq.ft. 

Concrete  Weight  = 

551 

lb. 

Metal  Deck  Weight  = 

123 

lb. 

6x4x1/4  SST 

Length  = 

7.67 

ft. 

Weight  = 

120 

lb. 

4x4x3/8  SST 

Length  = 

12.00 

ft. 

Weight  = 

207 

lb. 

Landing  Weight  = 

1001 

lb. 

Channels: 

Cl  0x8.4 

Length  = 

47.67 

ft. 

Weight  = 

400 

lb. 

Metal  Trim  (18  Ga) 

w  = 

1.02 

Ib./ft. 

Length  = 

47.67 

ft. 

Weight  = 

48 

lb. 

Channel  Weight  = 

449 

lb. 

Dwg  A3 

Railing:  Section  3,  6 

w  = 

2.27 

Ib./ft. 

Length  = 

62.40 

ft. 

Weight  = 

142 

lb. 

Posts:  Section  78  to  92 

Length  = 

17.00 

ft. 
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Weight  = 

39 

lb. 

Stair  Calculations: 

Floor  3-4 

Dwg  A3 

Stair  Tread:  Details  1 

,2,3, 

4,5,6 

Volume  = 

0.36 

cu.  ft. 

Concrete  Weight  = 

42 

lb. 

Nosing,  Sub-Tread  Area= 

2.50 

sq.  ft. 

Nosing  Weight  = 

11 

lb. 

Riser  Area  = 

2 

Riser  Weight  = 

8 

Aluminum  Tread  Area  = 

0.75 

sq.  ft. 

Aluminum  Weight  = 

4 

lb. 

Angle:  1  1/4x1  1/4x1/8 

Angle  Length  = 

1.13 

ft. 

Angle  Weight  = 

2 

lb. 

Tread  Weight^ 

67 

lb.  (per  tread) 

#  of  treads,  floor  2  = 

17 

treads 

Dwg  S5 

Landing: 

Concrete  Area  = 

28.75 

sq.  ft. 

Concrete  Weight  = 

551 

lb. 

Metal  Deck  Weight  = 

123 

lb. 

6x4x1 /4  SST 

Length  = 

7.67 

ft. 

Weight  = 

120 

lb. 

4x4x3/8  SST 

Length  = 

12.00 

ft. 

Weight  = 

207 

lb. 

Landing  Weight  = 

1001 

lb. 

Channels: 

Cl  0x8.4 

Length  = 

47.67 

ft. 

Weight  = 

400 

lb. 

Metal  Trim  (18  Ga) 

w  = 

1.02 

Ib./ft. 

Length  = 

47.67 

ft. 

Weight  = 

48 

lb. 

Channel  Weight  = 

449 

lb. 

Dwg  A3 

Railing:  Section  3,  6 

w  = 

2.27 

Ib./ft. 

Length  = 

62.40 

ft. 

Weight  = 

142 

lb. 

Posts:  Section  78  to  92 

Length  = 

17.00 

ft. 

Weight  = 

39 

lb. 

Stair  Calculations:  Floor  4-bent 

Dwg  A3 

Stair  Tread:  Details  1 

.2, 3,4, 

5,6 

Volume  = 

0.36 

cu.  ft. 

Concrete  Weight  = 

42 

lb. 

Nosing,  Sub-Tread  Area= 

2.50 

sq.  ft. 

Nosing  Weight  = 

11 

lb. 

Riser  Area  = 

2 

Riser  Weight  = 

8 

Aluminum  Tread  Area  = 

0,75 

sq.  ft. 

Aluminum  Weight  = 

4 

lb. 
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Angle:  1  1/4x1  1/4x1/8 

Angle  Length  = 

1.13 

ft. 

Angle  Weight  = 

2 

lb. 

Tread  Weight^ 

67 

lb.  (per  tread) 

#  of  treads,  floor  2  = 

9 

treads 

Landing: 

Concrete  Area  = 

28.75 

sq.  ft. 

Concrete  Weight  = 

551 

lb. 

Metal  Deck  Weight  = 

123 

lb. 

6x4x1/4  SST 

Length  = 

7.67 

ft. 

Weight  = 

120 

lb. 

4x4x3/8  SST 

Length  = 

12.00 

ft. 

Weight  - 

207 

lb. 

Landing  Weight  = 

1001 

lb. 

Channels: 

Cl  0x8.4 

Length  = 

47.67 

ft. 

Weight  = 

400 

lb. 

Metal  Trim  (18  Ga) 

w  = 

1.02 

Ib./ft. 

Length  = 

47.67 

ft. 

Weight  = 

48 

lb. 

Channel  Weight  = 

449 

lb. 

Railing:  Section  3,  6 

w  = 

2.27 

Ib./ft. 

Length  = 

62,40 

ft. 

Weight  = 

142 

lb. 

Posts:  Section  78  to  92 

Length  =  17.00 

ft. 

Weight  = 

39 

lb. 
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APPENDIX  B1 

Type  L  Concrete  Bent  Column  at  the  Base  Evaluation 

(based  on  ACI 31 8-95) 

NOTES :  -This  Sheet  is  for  Rectangular  RC  Columns 
-Note  member  axis  definitions  below 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  Bent  at  base  under  thrust  and  biaxial 
moment  reactions  (idealized  section  at 
right  was  analyzed) 

ANALYSIS  RUN  :  Li 

APPLIED  LOADS  :  1 00%  NEHRP-97  +  self  weight 
MAXIMUM  REACTIONS  : 


P  :=-8.n 

kips 

M 

^  :=  862 

kip-in 

V2  :=  95.1 

kips 

M 

2- -3477 

kip-in 

V3  :=-10.7 

kips 

M 

3  :=  38244 

kip-in 

p  .|  :=  _  p  .|  tension  becomes  negative 


2 


the  1  axis  is  the 
longitudinal  axis 
out  of  the  page 


P  2  :=  I  V  2  ' 

P3-IV3I  M.|:=jM.,|M2:=|M2|  M3:=jM3j 


ANALYSIS  NOTES 

-  In  considering  second  order  effects  of  the  building  systems,  the  moment 
reactions  above  Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the 
frame  joints.  Moment  reactions  where  the  frame  is  restrained  against  lateral 
translations  were  not  computed,  and  therefore  have  values  of  zero  when  the 
stresses  are  combined  in  the  final  section  of  this  sheet. 

-  The  effect  of  torsion  on  strength  is  assumed  to  be  negligible. 
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SECTION  PROPERTIES 

b  :=  18  in 

h  :=  77.5  in 

d2  ;=  71  in  depth  of  reinforcing  in  2-2  axis 

d3  :=  14.5  in  depth  of  reinforcing  in  3-3  axis 

A  y  :=  0.40  in^  2-#4  stirrups  for  shear  steel 

s  :=  9  in  stirrup  spacing 

L:=  128.04  in  length  of  bent 

Ky:=l.95  effective  length  factor 

Ag  :=  b  h  in^  Ag  =  1395  in^ 

lyy  :=  >  lyy  =  37665  in'* 

12 

MATERIAL  PROPERTIES 
f  c  :=  4000  psi 
F  y  :=  60000  psi 

E  E  c  =  3605  ksi 

COMBINED  THRUST  /  MOMENT  STRENGTH: 

Second  order  multipliers  (AC1 10.13.3): 

_  n'.(0.25.Ec-lyy) 

K  ; - — - 

(Ky.L)  = 

Ss2-il/Pl>0 _ - ‘"I 

Pl  8  52-1002 

1  I 

8  g3  :=  1  slenderness  ratio  (KLyr)x  <  22  (by  ACI 318 10.13.2) 
ns3  ®  M  53  :i=  M  3 

M  ns2  ==  0  M  52  :=  M  2 
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*^3==  M  ns3  +  ^s3  ’^s3 

M  3  =  38244 

kipin 

M  2  :=  M  ns2  +  5  s2  '^  s2 

M  2  =  3484 

kip -in 

Combined  Thrust  /  Biaxial  Moment  Interaction  -  negative  moment  controls 
(from  Bl AX  Analysis,  John  W.  Wallace,  Clarkson  University,  March,  1992) 


0 

-1769' 

0 

-1769' 

58850 

0 

11090 

0 

68290 

338 

12220 

338 

76620 

674 

13120 

675 

83550 

1012 

14000 

1013 

88460 

1350 

14780 

1350 

90010 

1688 

14610 

1687 

86690 

2025 

14370 

2025 

82160 

2363 

14100 

2362 

77530 

2699 

13650 

2699 

72770 

3037 

PM2  := 

13110 

3037 

67330 

3374 

12490 

3375 

61220 

3711 

11410 

3712 

54330 

4050 

10310 

4050 

46850 

4386 

8886 

4387 

39260 

4725 

7458 

4725 

31600 

5062 

6042 

5061 

23780 

5400 

i:=l,2..21 

4628 

5399 

15800 

5737 

3174 

5736 

7490 

6075 

1554 

6074 

0 

6411 

0 

6411 

ANALYSIS  PROCEDURE: 

The  procedure  below  finds  the  ultimate  capacity  of  the  section  by  equating  the  reactions 
PI ,  M2,  and  M3  to  an  equivalent  force  system  of  the  axial  load,  PI ,  at  eccentricities 
ecc3=M2/P1  and  ecc2=M3/P1 .  The  intersection  of  the  line  P=(1/ecc2)M  with  the  curve  PM3 
defines  the  nominal  axial  load  Pn2,  and  likewise  with  P=(1/ecc3)M,  PM2,  and  Pn3.  The 
values  of  Pn2,  Pn3,  and  Po  (ultimate  strength  in  tension  or  compression  at  zero  moment)  are 
then  combined  using  the  reciprocal  load  method. 

To  find  Pn2,  the  "if"  statements  below  step  through  the  PM3  curve  starting  from  the 
point  of  ultimate  tensile  capacity  with  zero  momerit  (negative  P)  until  the  point  on  the  cun/e 
(Ml  ,P1 ),  the  first  point  above  where  the  line  P=(l/ecc2)M.  The  point  below  the  intersection 
of  P=(1/ecc2)M  and  the  PM3  curve  is  found  as  (M2,P2).  The  equation  of  the  line  between 
(Ml  ,P1 )  and  (M2,P2)  is  defined  by  "slope"  and  "intcp",  the  slope  and  P-axis  intercept  of  this 
line,  receptively.  A  linear  interpolation  between  the  two  lines  calculates  the  value  of  Pn2 
where  they  intersect.  Pn3  is  similarly  computed. 


Thrust  (kfp) 
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Inverse  Eccentricities:  (e=1/ecc) 

P 1  1 

e2-= _ -  e  2  =  0.00021  in"^ 

M  3 

P  1  .  -1 

63:= -  e  3  =  0.00233  in 

M  2 

Finding  due  to  M3: 

PI  3  :=  if(PM3^  2>  e2  PM3^  j,PM3^  2,1)  P1  3  =  1 


Pl3:=if(PM32  2>e2PM32^,,PM32  2.l) 

PI  3=1 

Pl3:=if(PM33  2>e2PM33^,PM33  2,l) 

PI  3  =  338 

kips 

P2  3  :=  PMZ^  , 

P2  3  =  0 

kips 

M1  3  :=  PM33  3 

M1  3  =  68290 

kipin 

M2  3:=  PM32  , 

M2  3  =  58850 

kip  in 
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Linearly  interpolate  for  P„2 


slope  :=  3>  M1  3, 


P23-PI3  P13-P23\ 


M2  3  -  Ml  3  Ml  3  -  M2  3 


slope  =  0.0358 


intcp  :=  PI  3  -  slope  Ml  3 

-intcp 
o  slope 

XTZlI 

e  2  slope 
Finding  P^s  due  to  M2: 

PI  2  :=  if(PM2,  2>e3  PM2,  j 
PI  2  :=  if(PM22  2>e3  PM22  , 
Pl2:=if(PM23  2>e3.PM23, 
P2  2  :=  PM22  2 
Ml  2  :=  PM23  , 

M2  2  :=  PM22  , 


intcp  =  -2107 


P  f,2  =  12.6  kips 


PM2j2,1) 

PI  2  =  1 

PM22  2,1) 

II 

CM 

Q. 

PM23  2,1) 

P1  2  =  338 

kips 

P22  =  0 

kips 

M1  2  =  12220 

kip  in 

M2  2=  11090 

kip  in 

linearly  interpolate  for  P^s 


slope  :=  if  i  M2  2>  M1  2, 

\ 

intcp  :=  PI  2  -  slope  Ml  2 
-intcp 

P 


P22-PI2  Pl2-P22\ 


M2  2  ”  M1  2  2  ”  2/ 


n3  - 


slope 


1 


1 


no  * 


e  3  slope 


:=if(Pl>0, 


PM3, 


,PM3 


Reciprocal  load  method  (ref.  ACI R1 0.3.6) 

1 


P  n  := 


1  1 
+  • 


1 


'’n3  PnS  Pno 


P^.26 


Pno*“' 


P  „  =  8.48 


slope  =  0.299 
intcp  =  “3317 

kips 

kips 

kips 
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SHEAR: 

Individual  capacity  values: 


Vc3  :=  2-1  -t- 


V 


c2 


:=2.(l  + 


1  Pl\ 

2000  Ag/  1000 

2000  Ag/  1000 


A  y-F  y-d3 

V  S3  :=  y 

slOOO 

Ay  Fyd2 

V  s2  :=  ^ 

SlOOO 

Combined  Shear  Capacities: 
Vn2==Vc2^-Vs2 

Vn3==Vo3  +  Vs3 


ACI  318-EQ(11-4) 

ACI  318-EQ(11-4) 

ACI  318-EQ(11-15) 
ACI  318-EQ(11-15) 


n2  =  351 

kips 

00 

II 

CO 

c 

kips 

DEMAND  CAPACITY  RATIO  (DCR) 

The  demand  capacity  ratio  is  the  maximum  of  the  thrust  and  shear  as  defined  below. 


OCR  := 


1^2? 


\V  n2/ 


max(  DCR )  =  0.956 
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APPENDIX  B2 

Type  L  Concrete  Bent  Column  at  the  Top  of  Shaft  Evaluation 

(based  on  ACI  318-95) 


NOTES :  -This  Sheet  is  for  Rectangular  RC  Columns 
-Note  member  axis  definitions  below 


TOWER  :  Type  L.  50  ft.  (Salinas,  CA) 


MEMBER  :  Bent  at  shaft  under  thrust  and  biaxial 
moment  reactions  (idealized  section  at 
right  was  analyzed) 

ANALYSIS  RUN  :  Li 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 
MAXIMUM  REACTIONS  : 


^  :=  51.1 

kips 

M  1  :=-440 

kip  in 

2  :=  83.0 

kips 

M2  ;=-377 

kip-in 

3  -  3  2 

kips 

M  3  :=-8910 

kip -in 

Pl== 

-Pi 

tension  becomes  negative 

P2  := 

V2' 

P3== 

i^3i 

M  1  ;=  M 

l|  M2==| 

i 


^4  ^  i 


3 

S 

evenSy 

spaced 


the  1  axis  is  the 
longitudinal  axis 
out  of  the  page 


M  3  :=  j  M  3 


ANALYSIS  NOTES 


-  In  considering  second  order  effects  of  the  building  systems,  the  moment 
reactions  above  M1 ,  M2,  and  M3  were  computed  including  lateral  translation  of  the 
frame  joints.  Moment  reactions  where  the  frame  is  restrained  against  lateral 
translations  were  not  computed,  and  therefore  have  values  of  zero  when  the 
stresses  are  combined  in  the  final  section  of  this  sheet. 

-  The  effect  of  torsion  on  strength  is  assumed  to  be  negligible. 
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SECTION  PROPERTIES 


b  IS  in 

h  :=  31.5  in 

62  :=  28  in  depth  of  reinforcing  in  2-2  axis 

d3  :=  14.5  in  depth  of  reinforcing  in  3-3  axis 

A  y  :=  0.40  in^  2-#4  stirrups  for  shear  steel 

s  :=  12  in  stirrup  spacing 

L  :=  156  in  length  of  bent 

K  :=  2.30  effective  length  factor 

K  y  :=  1.95  effective  length  factor 


Ag 

:=  bh  in^ 

Ag  = 

=  567 

in^ 

Ixx 

..  (b.h’) 

Ixx  : 

=  46884 

in^ 

12 

lyy 

..  (h-b^) 

lyy  = 

=  15309 

in^ 

12 

MATERIAL  PROPERTIES 

f  :=  4000  psi 
Fy:=  60000  psi 

E  Jf”  E  -  =  3605  ksi 

^  1000  ^  ^  ^ 
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- ./. 

i 

i 


S  s3  '■ 


1.0 


1.0 


1 


s3 


=  1 


0.75 -P 


c3 


/  1.0 

\ 

s2  :=if  Pi>0. - — 

—  ,1.0 

1  - 

II 

CM 

(/) 

CO 

1 

1 

1  0.75 -P 

c2  / 

ns3  ==  0  M  S3  3 

ns2  ==  ®  M  s2  :=  M  2 

3  ns3 +•  S  s3  '^  3 

M  3  =  8910 

kipin 

2  :=  M  ns2  H- 8  s2  '^  2 

M  2  =  377 

kip  in 

Combined  Thrust  /  Biaxial  Moment  Interaction  -  negative  moment  controls 


PM3  := 


0 

-710 

8939 

0 

10370 

137 

11600 

274 

12590 

410 

13200 

547 

13420 

684 

12870 

820 

12290 

957 

11690 

1094 

11060 

1231 

10260 

1367 

9389 

1504 

8380 

1641 

7220 

1778 

6055 

1914 

4881 

2051 

3681 

2188 

2453 

2325 

1179 

2461 

0 

2598  _ 

PM2  ;= 


i  :=  1 , 2 ..  21 


March, 

1992) 

■  56 

-710 

4579 

0 

5143 

137 

5545 

273 

5911 

410 

6247 

547 

6209 

684 

6083 

820 

5935 

957 

5732 

1094 

5433 

1230 

5107 

1367 

4720 

1504 

4243 

1641 

3646 

1778 

3050 

1914 

2457 

2051 

1865 

2188 

1254 

2324 

583 

2461  , 

-53 

2598 

Thrust  (kip) 
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ANALYSIS  PROCEDURE: 

The  procedure  below  finds  the  ultimate  capacity  of  the  section  by  equating  the  reactions 
PI,  M2,  and  M3  to  an  equivalent  force  system  of  the  axial  load,  P1,  at  eccentricities 
ecc3=M2/P1  and  ecc2=M3/P1.  The  intersection  of  the  line  P=(1/ecc2)M  with  the  curve  PM3 
defines  the  nominal  axial  load  Pn2,  and  likewise  with  P=(1/ecc3)M,  PM2,  and  Pn3.  The 
values  of  Pn2,  Pn3,  and  Po  (ultimate  strength  in  tension  or  compression  at  zero  moment)  are 
then  combined  using  the  reciprocal  load  method. 

To  find  Pn2,  the  "if  statements  below  step  through  the  PM3  curve  starting  from  the 
point  of  ultimate  tensile  capacity  with  zero  moment  (negative  P)  until  the  point  on  the  curve 
(M1,P1),  the  first  point  above  where  the  line  P=(1/ecc2)M.  The  point  below  the  intersection 
of  P=(1/ecc2)M  and  the  PM3  curve  is  found  as  (M2,P2).  The  equation  of  the  line  between 
(Ml, PI)  and  (M2,P2)  is  defined  by  "slope"  and  "intcp",  the  slope  and  P-axis  intercept  of  this 
line,  receptively.  A  linear  interpolation  between  the  two  lines  calculates  the  value  of  Pn2 
where  they  intersect.  Pn3  is  similarly  computed. 


Inverse  Eccentricities:  (e=1/ecc) 

.  1 

62!= -  e  2  =  "0.00574  in 

M  3 

1 

63:= — -  e  3  =  -0.13554  in  ' 

M  2 
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Finding  Pn2  due  to  M3: 

P1  3:=if(PM3,  2>e2  PM3,  ,,PM3j  2.l) 
Pl3:=lf(PM3jj>e2PM3j,,PM32^,l) 
P2  3:=PM3,, 

M1  3  :=  PM32  , 

M2  3  :=  PM3,  , 

Linearly  interpolate  for  Pn2 

/ 

slope  :=  if  i  M2  3>  M1  3, 

\ 


P13=1 

P13  =  0 

kips 

P2  3  =  -710 

kips 

M1  3  =  8939 

kipin 

0 

II 

CO 

CM 

kip  in 

P23-PI3  PI3 


M2  3  -  M1  3  M1  3 


-  P2  3\  . 

- j  slope  =  0.079 


-  M2  3 - 


intcp  :=  P1  3  -  slope  MI  3 
-intcp 

Pn2  :=- 


intcp  =  -710 


slope 


1 


1 


P  n2  =  -47.8 


kips 


e  2  slope 
Finding  P^s  due  to  M2: 

P1  2  :=  if  (PM2 1  2>  e  3 •  PM2 ,  , ,  PM2 j  2 , 1 ) 
P1  2  :=  if(PM22  2>e3  PM22  ,,PM22  2,1) 

P2  2:=PM2,2 

M1  2  :=  PM22  , 

M2  2  :=  PM2j  , 
linearly  interpolate  for  Pn2 

/  P2  2  -  P1  2  P^  2 


P1  2  =  1 
P1  2  =  0 


P2  2  =-710 


M1  o  =  4579 


M2  2  =  56 


-  P2 


slope  :=  if  I  M2  o>  M1  9, 

^  M2  2-  M1  2  Ml  2 

intcp  :=  PI  2  -  slope  MI  2 
-intcp 


-  M2 


slope 

intcp 


n3  •- 


slope 


1 


1 


Pn3  = -333.1 


kips 
kips 
kip  in 
kipin 

=  0.157 

=  -710 

kips 


e  3  slope 
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PnQ  =  -710  kips 

Reciprocal  load  method  (ref.  ACI  R1 0.3.6) 

J  .  1 

P  =  -44.4  kips 

n3  ^  n2  no 

SHEAR: 

Individual  capacity  values: 

„  .  J,  1 

\  2000  Ag/  1000 

ACI318-EQ(11-4) 

\  2000  Ag/  1000 

ACI  318-EQ(11-4) 

A  v'F  y  d3 

V  - 

SlOOO 

ACI  318-EQ(11-15) 

AvFyd2 

V  c2  - - 

S-1000 

ACI  318-EQ(11-15) 

Combined  Shear  Capacities: 


n2  c2  +  s2 

Vn2=  119.7 

kips 

Vn3==Vc3TVs3 

Vn3  =  86.8 

kips 

DEMAND  CAPACITY  RATIO  (DCR) 


The  demand  capacity  ratio  is  the  maximum  of  the  thrust  and  shear  as  defined  below. 


n 


max(DCR)  =  1.15 
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APPENDIX  B3 

Type  L  Concrete  Bent  Beam  at  the  Top  of  Shaft  Evaluation 

(based  on  ACI 318-95) 

NOTES :  -This  Sheet  is  for  Rectangular  RC  Members 
-Note  member  axis  definitions  below 

TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  Bent  at  top  of  shaft 

(dwg,  si ) 

ANALYSIS  RUN  :  LI 

APPLIED  LOADS  :  1 00%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  (+),  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 

P  .|  :=  52.5  kips  M  :=  382  kip -in 


V  2- -55.2  kips 

M  2  :=  430  kip  in 

the  1  axis  is  the 
longitudinal  axis  out 
of  the  page 

V  3  :=  2.5  kips 

M  3  :=  -8290  kip -in 

Pi:=-Pl 

tension  becomes  negative 

P2==iV2; 

P3==|  V3I 

M  ^  !=  1  M  <1  1  M  2  •“  I 

^  2  1  ^  3  •"  1  ^  3  I 

ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 

-  The  effect  of  torsion  on  strength  is  assumed  to  be  negligible. 
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SECTION  PROPERTIES 


b;=  18 

in 

h  :=  24 

in 

d  :=21 

in 

depth  of  steel 

s  :=  12 

in 

stirrup  spacing 

Ag  :=  b  h 

in' 

Ag  =  432 

MATERIAL  PROPERTIES 

f'c:=4000  psi 

f  y  :=  60000  psi 


CALCULATED  PROPERTIES 

A  y  :=  2  0.1 1  in^  (2-#3  stirrups  for  shear  steel) 

A  g  :=  6  1.27  -f  2  1.56  in^  (2-#1 1  and  6-#1 1  steel  bars  for  reinforcing) 


COMBINED  THRUST  /  MOMENT  STRENGTH: 

ANALYSIS  PROCEDURE: 

The  procedure  below  finds  the  ultimate  capacity  of  the  section  by  equating  the  reactions 
PI ,  M2,  and  M3  to  an  equivalent  force  system  of  the  axial  load,  P1 ,  at  eccentricities 
ecc3=M2/P1  and  ecc2=M3/P1.  The  intersection  of  the  line  P=(1/ecc2)M  with  the  curve  PM3 
defines  the  nominal  axial  load  Pn2,  and  likewise  with  P=(1/ecc3)M,  PM2,  and  Pn3.  The 
values  of  Pn2,  Pn3,  and  Po  (ultimate  strength  in  tension  or  compression  at  zero  moment)  are 
then  combined  using  the  reciprocal  load  method. 

To  find  Pn2,  the  "if"  statements  below  step  through  the  PM3  curve  starting  from  the 
point  of  ultimate  tensile  capacity  with  zero  moment  (negative  P)  until  the  point  on  the  curve 
(M1  ,P1),  the  first  point  above  where  the  line  P=(1/ecc2)M.  The  point  below  the  intersection 
of  P=(1/ecc2)M  and  the  PM3  curve  is  found  as  (M2,P2).  The  equation  of  the  line  between 
(M1  ,P1)  and  (M2,P2)  is  defined  by  "slope"  and  "intcp",  the  slope  and  P-axis  intercept  of  this 
line,  receptively.  A  linear  interpolation  between  the  two  lines  calculates  the  value  of  Pn2 
where  they  intersect.  Pn3  is  similarly  computed. 
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Combined  Thmst  /  ‘Biaxial  Moment  Interaction  -  negative  moment  controls 
(from  BIAX  Analysis,  John  W.  Wallace,  Clarkson  University,  March,  1992) 


■-1123 

-644' 

0 

-644' 

4575 

0 

3745 

0 

5388 

109 

4033 

109 

6185 

219 

4230 

219 

6944 

328 

4404 

328 

7658 

437 

4566 

437 

8228 

547 

4549 

546 

8447 

656 

4454 

656 

8177 

765 

4338 

765 

7896 

875 

4200 

874 

7597 

984 

PM2  := 

4028 

984 

7237 

1093 

3807 

1093 

6784 

1202 

3572 

1202 

6252 

1312 

3222 

1312 

5527 

1421 

2789 

1421 

4795 

1530 

2361 

1530 

4057 

1639 

1935 

1639 

3311 

1749 

1487 

1749 

2553 

1858 

j:=  1,2..22 

1030 

1858 

1776 

1967 

515 

1967 

i  :=  1,2..21 

2077  _ 

1060 

2077 

0 

0 

2077  _ 

Inverse  Eccentricities:  (e=1/ecc) 


Pi 

2  M3 

e  2  =  -0.00633 

in" 

Pi 

Mn 

e  3  =  -0.12209 

in“ 
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n2  - 


-  intcp 
slope 


P  n2  =  ~'2-1A36  kips 


e  2  slope 
Finding  due  to  M2: 


P1  2-  if(PM2j  2>e3  PM2,  ,,PM2,  2,1)  P1  2  =  1 
P1  2-  if(PM22  2>e3-PM22  ,,PM22  2, 

P2  2  :=  PM2,  2 
Ml  2  :=  PM22  , 


M2  2  :=  PM2,  , 
linearly  interpolate  for  Pn3 


/  P2  2 

slope  ;=  if  j  M2  2>  Ml  2 , - 

y  M2  2 ' 

intcp  :=  PI  2  -  slope-Mt  2 

-intcp 

P 


n3  •" 


slope 


1 


1 


e  3  slope 

P„„:=i1{P,>0,PM3j,,.PM3,, 
Reciprocal  load  method  (ref.  ACI  R1 0.3.6) 


Pn:=. 


1  1 
+  - 


PI  2  =  0 

kips 

ii 

CM 

CM 

a. 

kips 

Ml  2  =  3745 

kip  in 

M2  2  =  0 

kip  in 

-P2  2\ 

slope  - 

-M2  2/ 

0.172 

Pn3  = -267.391 

kips 

Pno  =  -644 

kips 

P  n  =  -25.883 

kips 

P  n3  P  n2  P  no 


SHEAR 

Individual  capacity  values; 


Vc3  :=2.H- 


/ 

V  g2  :=  2-i  1  +• 


1 


•hb 


500  Ag/  1000 


1 


fo 


•bh 


\  500  Ag/  1000 


(ACI  318,  EQ11-8) 


(ACI  318,  EQ11-8) 


USACERLTR  99/04  _ ' 

ACI318-EQ(11-15) 
ACI318-EQ(11-15) 

V  n2  =  77.731  kips 

V  n3  =  74.431  kips 

DEMAND  CAPACITY  RATIO  fPCR) 

The  demand  capacity  ratio  is  the  maximum  of  the  thrust  and  shear  as  defined  below. 


IPS]^ 

1  t  _i_  .  I 

,Pn  J 

\V  n2/  \V  n3/  . 

Ayfy-b 


s3  ■ 


slOOO 


y  ■_  ^  V'^  y 
SlOOO 

Combined  Shear  Capacities: 
n2  c2  s2 


Vn3-Vc3-HVs3 
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max(DCR)  =  2.028 
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APPENDIX  B4 

Type  L  Concrete  Bent  Connection  at  the  Top  of  Shaft  Evaluation 

(based  on  AISC-LRFD.  2nd  ed.,  1 994  and  ACI 31 8-95) 

NOTES :  -This  Sheet  is  for  the  pin  connection  at  the  intersection 
of  the  concrete  bents  at  the  top  of  the  shaft 
-Note  member  axis  definitions  below 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

CONNECTION  :  Pin  connection  at  top  of  shaft 
(dwg.  S-1) 

ANALYSIS  RUN  :  LI 

APPLIED  LOADS  :  1 00%  NEHRP-97  self  weight 
MAXIMUM  REACTIONS  : 

P  (+),  positive,  represents  tension 
P  .|  (-),  negative,  represents  compression 

P  .j  :=  -20.2  kips  M  :=  383  kip  in 

V  2  :=  45.4  kips  M  2  :=  0  kip  in 

V  3  :=  3.3  kips  M  3  :=  0  kip  in 

Pl==|Pl| 

P  2  :=  i  V  2  ! 

P2:=jV3j  M.|:=|M.|jM2‘-[M2|M3:=|M3 


ANALYSIS  NOTES 


-This  sheet  consists  of  the  calculations  for  finding  the  controlling  strength  of  the 
pin  connection. 
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SECTION  PROPERTIES 
d  b  :=  1-0  in 
d  pin- 1-5  in 


MATERIAL  &  CODE  PROPERTIES 


:=  4000 

psi 

a  :=  1.0 

y_rebar  — 

60000  psi 

p  ;=  1 

^ :=  70000 

psi 

X  :=  1 

y  :=  36000 

psi 

,()  V  :=  0.75 

u :=  58000 

psi 

(()  y  :=  0.90 

CALCULATED  PROPERTIES 

^  bar  •“  j'd  b 

^  pin  ’  j  pin 

AgLmin-5.5.0.5  A  g_r„in  =  2.75  in^ 


AXIAL  :  Tension  in  Anchor  Bolts 
Development  length  for  a  bar:  (ACl  12.2.2) 


'd-db- 


Allowable  Force: 


y_rebar“’P‘^ 


20 


I  (j  =  47.4  i 


P  6  A  jja^  F  y_ret)ar 


tot 


1000 


=  283 


Pa== 


12  Plot 


Pa  =  7l.5 


(minimum  plate  area) 


kips 


IjI  1000 


kips 
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SHEAR : 

Shear  on  welds: 
On  the  bolts: 


R  n_bw  ==  (0-707-.5-7fd  b-0.6-F  ^).6  <1*  n_bw 


=  210  kips 


On  the  plates: 


-  3/1 6"  welds  assumed 

- 1 1  inch  long  welds,  both  sides  of  the  plate,  2  plates 


Rru)l»-=''-™’'7TFw'l-2-2 


Shear  on  pin: 


-Threads  are  excluded  from  the  shear  plane. 
-Bolts  are  in  double  shear. 


n_plw  ^  1^. 

''  1000 


^  n_4Din  ■"  ^  y'^  pin'^ 


— n_pin  _  ^  1^. 

''  1000 


Shear  on  plates: 

-  2  plates  total 


Rn_p|  :=  0.60  Ag_ni|n  Fy2 


d)  y- - —  =  107  kips 

y  1  nnn 


BEARING: 


-  2  plates  total 


n_bear 7-4  d  pjn  0.5  F  ^j-2 


"n-bear_,„ 

1000 


For  shear,  pin  controlls:  R  n  •“ 


_  v  n_pin 


DEMAND  CAPACITY  RATIO  fPCR^: 


DOR  := 


max{  OCR )  =  0.476 
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APPENDIX  B5 

Type  L  Concrete  Bent-to-Roof  Beam  Connection  Evaluation 

(based  on  AISC-LRFD.  2nd  ed.,  1994) 


NOTES :  -This  Sheet  checks  the  strength  of  the  roof  beam  to 
bent  connection  at  the  top  of  the  shaft 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

CONNECTION  :  Typ.shear  connection  -  Bent  to  Roof  Beam 
(dwg.  S-5) 

ANALYSIS  RUN  :  Li 

APPLIED  LOADS  :  100%  NEHRP-97  + self  weight 


MAXIMUM  REACTIONS  : 

P  (+),  positive,  represents  tension 
P  (-),  negative,  represents  compression 


P  :=  -27.8  kips 

M  ^  :=  8 

kip  in 

V  2  :=  -50.8  kips 

O 

II 

CM 

kip  in 

V3:=-5.2  kips 

O 

II 

CO 

kip  in 

CM 

> 

|l 

CM 

Q. 

M  := 

SECTION  PROPERTIES 
dj,-  0.875  in 
t  p  :=  0.5  in 

I  p  :=  13  in 


Mf!  M2'-  ^2  ^3'~  ^3 
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MATERIAL  &  CODE  PROPERTIES 


00 

ksi 

(j)  y  :=  0.75 

Fw 

O 

II 

ksi 

(|)  y  :=  0.90 

Fy: 

;=  36 

ksi 

((»  bw  ==  0.80 

*1*  fw  ■”  0-75 

^  g  •“  *  p’^  p 


SHEAR : 

Shear  on  welds  (1/2"  butt  weld  +  3/16"  fillet  weld): 

n_w  ■”  *1’  bw'^  g'®'^’^  w  ■*"  ‘I’  p'®'^'^  w 

(|)R  n_w  =  273  kips 

Shear  on  bolts: 

-  4  bolts  total 

R  p^jj  :=  A  ij-F  u_b‘'^  <l>  v'^  n_b  “ 

Shear  on  plate: 

R  n_pl  •”  0-60-A  g-F  y  (()  y-R  n_p|  =  126  kips 

STRENGTH: 

Shear  of  bolts  controls: 

R  n  •"  *1’  v'^  n_b 

P2 

OCR  :=  — 

Rn 


DCR  =  0.587 
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APPENDIX  B6 

Type  L  Cab  Corner  Muilion  (Columns  1-4)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  member  axis  definitions  below 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  muilion  @  base 
ANALYSIS  RUN  :  Li 

APPLIED  LOADS  :  100%  NEHRP-97  + self  weight 


MAXIMUM  REACTIONS  : 


Pi 

Pi 


(+),  positive,  represents  tension 
(-),  negative,  represents  compression 


P  .|  ;=  -36.9  kips 

V  2  :=  -20.6  kips 

V  3  :=  12.8  kips 


M  .|  :=  55  kip  in 
M  2  :=  -246  kip-in 
M  3  :=  -714  kip-in 


2 


the  1  axis  is  the 
longitudinal  axis 
out  of  the  page 


P2:=|V2| 

P3:=jV3|  M.,:=jM.|jM2:=|M2|M3;=jM3 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 


d  :=  7 

in 

k  nt3  0.8 

tw-  0.5 

in 

k  nt2  :=  0.8 

b  f  :=  4.0 

in 

k|t3  :=  2.10 

tf  ;=  1.0 

in 

k  H2  :=  2.10 

J  :=  50 

in"^ 

Lbs-  37.9  in 

L  1^2  37.9  in 

K  values  by  LRFD  Table  C*C2.1 


MATERIAL  &  CODE  PROPERTIES 


E  :=  29000  ksi 

Fy  :=  36  ksi 

4,  b  ;=  0.90 

4>  g  :=  0.85 

G  :=  11 200  ksi 

Fu  :=  58  ksi 

<t>  y  :=  0.90 

€5:=  1.0 

Fr  ;=  10  ksi 

Fyf  :=  Fy 

4,  ty  :=  0.90 

F  |_  ;=  Fyf  -  Fr 

Fyw  :=  Fy 

4>  tf 0.75 

CALCULATED  PROPERTIES 


A:=[bftf  +  (d-2.t|).t^].2 

A  =  13  in^ 

Ae:=A 

d'  (bf-2-tvv)-(d-2.tf)' 
‘  ^  12  12 

_d.b,'  (bf-2.t,,)^(d-2.tt) 

12  12 


I  3  =  83.1  in'* 

I  2  =  26.1  in'* 


83  =  23.7  in’ 
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Z 


2  =- 


/bf 

'^■\T"T/ 


•2 


r 


2- 


A  w  ■-  2  d  t  yfj 

A<:=2.b<.tf 
h  :=  d-  3  tf 
b  :=  bf  -  3  tyv 


Z  2  =  16.8  in^ 


AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

(eq.  LRFD  DM) 

•t-P  nt  ==  tfPu-Ae^^  tyPy-A.(<l>  tfPu-A  e) .<l>  tyPy-A]  (^q. lrfd di.2) 

(t)P  nt  =  '^21  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 


Flanges  of  l-shaped 

,  190 

^  d  flanae - 7= 

^  p_flange  -  21-7 

rolled  beams  and 
channels  in  flexure 

) 

1 

(for  b/t  ratio) 

1  238 

^  r_flange  “ 

^  r  flange  — p= 

VFy 

i  -  b 

^  flange  •“  ^ 

^  flange  = 

^  flange"^  ^  p_flange 
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Webs  in  combined  flexure  u  j  ^  1 

and  compression  (for  h/t  ratio) 


P  y  :=  Fy-A 


^  p_web  •" 


p_web 


:=  if 


(  >  0.125''; •  22L.1 2.33  — 

[[  \H-Py  I  [4^  \  H-Py/ 

/  Pm 


191 


•  2.33  - 


U  253 


4^y\  H-Py/’Vi; 


\  fido  I  2.75-P,,\ 

i _ ^^<0.125  I, ^-1 - 'i 

'\'t>  b'Py  I  \  n-Py 


>  ^  p_web 


^  p_web  “ 


^  r  web 


970 


•  ;  1  -  0.74- 


Pu  \ 


4^\ 


member  values 


^  web  •"  ■ 


^  web  “  ^ 


w 


^  r  web  “ 


^  web'^  ^  p_web  ^  r_web 
OK 


,  .,/'<lt3 

^c-= 


*^lt2-^b2  *^lt3  ‘-b3  ^  112  *- b2 

rq  rp  ’  rq-7t  E  ’  r  o  Jt  N  F 


X.  c  =  0.63 


F  pp  :=  if 


I  '3 

^Xc^l-5, 0.658  "  .Fy,::::ill-Fy 

I  ^0^  / 


F  30.5  ksi 


— 1  (eq.LRFD  E2-4) 


0.877 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 


't>Pnc:='t>c-Pcr-A  (eq.LRFD  E2-1) 


<(»P  p  if^P  .|<0,<t)P  nc’‘t*P  nt) 
<|)P  P  =  337  kips 
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BEAM  CHECK  (ch.  F,  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3  -  3  AXIS  2  -  2  AXIS 

^  pSJnitial 3  ^  p2_initial 2 

M  y3  :=  Fy  S  3  M  y2  :=  Fy  S  2 

M  p3  :=  if  (Fy-Z3<1.5.Fy.S  3,Fy.Z  3, 1.5-Fy  S  3) 

M  p2  :=  if  (Fy-Z  2^1.5  Fy:S  2.  Fy  Z  2,  l.S  Fy-S  2) 

Mp3  =  1089  kip  in  M  p2  =  603  kip  in 


(eq.  LRFD  FI -2) 
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2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l~shaped  members  and  channels 
3-3  AXIS 

57000  C  b  -\/[rA 


2  -  2  AXIS 


M 


nLTB_elastic  •" 


‘-b2\ 


(eq.  LRFD  FI -14) 


^  nLTB_elastic  nLTB_elastic~^  p3>  ^  nLTB_elastiC’  ^  ps)  fi-i2) 

M  nLTB_elastic  =  1089  kip-in 

M„3:.»{Lb2<Lp,Mp3,C)  “n2-=“p2 

n3  'l[  (*-  p-*-  b2)'(’-  b2-*-  r)  >  nLTB_inelastic>  n3] 

^  n3  •“  'l[  (1-  r-l-  b2)  •  nLTBJnelastic’  n3]  - 

M  n3  =  1089  kip  in  M  p2  =  603  kip  in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

/  ^  flange  “  ^  pjfiange  \ 

\'^  rjiange  “  ^  p_flange/ 


M 


nFLB 


:=  C  h- 


M 


p3  -  p3  -  r 


(eq.  LRFDA-F1-3) 


nFLB  •“  'l[  (^.flange^  ^  pjflange) '  nFLB<  ^  p3)  >  nFLB » p3] 

^  web  ~  ^  p_web 


^  nWLB  ==  ^  b- 


M  p3  -  (1^  p3  “  r 


r_web  “  ^  p_web  /  J 
nWLB  •”  'l[  web^  ^  p_web) '  nWLB*^  ^  p3)  >  ^  nWLB  >  ^  p3] 

M  p3  :=  if  (M  nFLB<  n3»  nFLB  -  n3) 


(eq.  LRFDA-F1-3) 


M  p3  :=  if  (M  nWLB<  ^  n3>  nWLB  -  n3 
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INTERACTION  EQUATIONS 
Second  Order  Effects:  (LRFD  Cl) 


M  nt  :=  0 

B1  :=  1 

NOTE:  As  theproduct  of  M  p^  BI  is  zero,  B1  was  set  to  1  for  simplicity. 
3  -  3  AXIS  2  -  2  AXIS 


M  Its  :=  M  3 


M  it2  •-  M  2 


,  ._'<lt3  '-b3  (Py 

^  c3 - 

rs-Tc 


e2_3  - 


A  Fy 


B23:= 


^C3 

1 


i  P 


1 


e2_3 


B2  o  =  1.01 


u3  ==  nt nt  +  3  M  IJ3) 

M  u2  ■=  nt  +  lt2,B1-M  pj  +  B2  2  M  ^2 


.  .  k  112-1- b2  fpy 

^  C2  - - ■ 

r  2'n 

A  Fy 


e2  2  - 


^c2 


B2  2  := 


1  - 


^^1 


e2_2 


B2  9  =  1.03 


Mu3  =  721  kip  in  M  ^2  =  254  kip-in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  HI  .1 ,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1 .0 


Pu== 


C:=if 


->0.2,. 


U  8 
+  — 


M 


u3 


M 


u2 


M 


u3 


M 


u2 


\ 


(j)Pn  <|)Pn  't' b’'^  n2/  2-«t'P  n  b’*^  n3  'I' b’*^  n2/ 


(eq.  LRFD  H1-1a) 


(eq.LRFDHMb) 
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C  =  1.258  (including  strength  resistance  factors) 


Cl  :=  if 


/  M  u3  M  ^^2\ 

•(•P  n  ’  'I'P  n  ^  n3  n2/'  ’  ^  "f-P  n  ^  n3  n2 


u..„«  8  u3  u2\  u 

.>0.2, - +--\— —  +  • 


0.85  0.85 

Cl  =  1.13  (excluding  strength  resistance  factors) 

SHEAR  (LRFD  F2,  p.  6-56) 

3  -  3  AXIS  2  -  2  AXIS 


X  := 


r1  := 


‘  w 
418 


/^Fyw  =  69.7 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


Vn3  ==  0.6.Fyf.Af 


r2  := 


523 


-^Fyw 

Vn2  :=if(^<r1,0.6  Fyw-A^,0) 


r2  =  87.2 


V  ,2  :=  if 


V  n2  :=  if 


418 


(r1  <>.)-(>.<r2),0.6Fyw 


.A  V 

^  w  “7““: — r »  ^ 


w 


n2 


r2<X,,- 


132000- A 


w 


n2 


w/ 


n3  :=(t)  v-V  n3 
(J)V  p3  =  156  kips 


(|>V  n2 <l>  w  n2 
<|)V  n2  =  136  kips 
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Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  fiexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F  y  :=  0.6-(|»  y -Fy  (eq.  lrfd  H2-2) 

Combined  Shear  and  Torsion  stress: 


^v3 


Mj  P3 
2tfAQ  2Af 


f  v2 


M 1  P2 
2-t|  Ao  2-A  ^ 


f  y3  =  2.21  ksi 


f  y2  =  2.88  ksi 


^  v3 
Fv 


=  0.114 


v2 


=  0.148 


Bending  /  Axial  OCR  controls 
C1  ' 

^3 

Fv 

^  v2 


OCR  := 


max(  OCR)  =  1.13 
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APPENDIX  B6a 

Type  L  Cab  Upgraded  Corner  Mullion  (Columns  1-4)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  member  axis  definitions  below 


TOWER  :  Type  L,  30  ft.  (San  Carlos,  CA) 
MEMBER  :  retrofit  mullion  @  critical  section 
ANALYSIS  RUN  :  L12 
APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 


MAXIMUM  REACTIONS  : 


P  (+),  positive,  represents  tension 

P  1  (-).  negative,  represents  compression 

P  ^  :=  -21. 6  kips 

M  .|  :=  20  kip  in 

V  2==  27.4  kips 

M  2  :=  805  kip  in 

V  3  ;=  18.5  kips 

M  3  :=  2722  kip  in 

P2:=|  V2, 

P3==|  V3I 

M^:=|i 

1 


M  2'‘-  1^2  ^3 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were' not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 
tp:=l.5  in 

b  p  :=  5  in 

d  :=  7  4-  2  t  pin 

t  ^  :=  0.5  in 

b  f  :=  4.0  in 

t  f  :=  1.0  in 


MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

^  b  :=  0.90 

<t>  c  ■“ 

G  :=  11200  ksi 

Fu  :=  58  ksi 

<t)  y  :=  0.90 

Cb:=  1.0 

Fr  :=  10  ksi 

Fyf  :=  Fy 

(f)  ty  :=  0.90 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

(()  :=  0.75 

k  nt'a  !=  0.8 

013  K  values  by  LRFD  Table  C-C2.1 

k  n|2  :=  0-8 
k  H3  :=  2.10 

k  ||2  •”  2.10 
L  p3  :=  37.9  in 
L  (j2  :=  37.9  in 


CALCULATED  PROPERTIES 


A  :=  2-b  p  t  p  +  2  b  ft  f  2.(d  -  2  t  I  -  2  t  p)  in^ 
A  =  28  in^ 


'  3 


Ae:=A 


Lbf(d-2.tp)^-i.(b,-2.t^).(d-2.tp-2.t^)^^|.bp.tp^2.bp.tp.(| 


I  o  := 


12 


2tp- 

1  3  =  357 

in^ 

—.(6-2-\ 

n-  2t 

12  ^ 

P 

1  2  =  57.3 

w 
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(brtf)'l|-y-tp|+2 


^  W'  ^  f  ^  p 


+  ‘>p-'pi| 


22== 


Z  3  =  94  in 

/b{  X^\  /bf  b,\  /bo  b^\ 


•2 


2  2  =  35.5  in^ 


2- 


M2 


.  ..-^•[(d-tf-tp)-(b,-t^)] 


(d-tf-tp)^bf-t^ 


t 


w 


tf+tpj 


J  =  84 


in 


‘■2'=  l-r 


in 


in 


Aw'-  2dt w 


A  j 2-b  j-t  I  -I-  2-b  p-t  p 
h:=d-3tf-2-tp 
b:=  bf-  3  tw 


AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 


<I'P  nt  -  ifr<l>  tfFu-Ae<.).  tyFyA,(<|>  tfFu-A  M  tyFy-Al  (®9LRFDD1-1) 

^  \  /  J  (eq,  LRFDD1-2) 

(j)P  =  907  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  T able  B5. 1 ) 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 

._  190  238 

^  p  flange  ■  “r=  ^  r_flange  •“  , — 

VFy  VFy 

^  pjflange  =  31-^  ^  rjflange  = 

^  flange  =  ^  ^  flange*'  ^  p_flange 

39.7 
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Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==iPl 

Py:=Fy.A 


X 


p_web 


:=  if 


->  0.125  i 


[\<l>b 


•P 


191 

//Py 


2.33- 


2.33  - . 


253 


H-Py/ 


^  p_web  •“ 


/  P, 


.<0.125 


\ 


640 


2.75 -P  , 


•!  1  -■ 


[\H-Py  I  *l*b-^y 


>  ^  p_web 


\  ♦  b-P  y/ 


^  p_web  “  ^  r_web  “ 

member  values 

h 


^  web  ■■ 


^  web  “  ^ 


w 


^  web'^  ^  pjweb 


(eq.LRFD  E2.4) 


C  =  0-624 


•Fy,.^-Fy'| 


F  =  30.6  ksi 


<|)P  nc  :■  "t*  C’F  cr'^  (eq.LRFD  E2-1) 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 


<|)P  n  if  (P  i<0,(t)P  pc’*l’P  nt) 


(jjP  p  =  728  kips 
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BEAM  CHECK  (ch.  F.  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  lateraily  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
coiumns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 
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2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 

(a) ;  l-shaped  members  and  channels 
3-3AXIS 

57000  C 

nLTB_elastic  ■“ 


\  '2 


2  -  2  AXIS 

(eq.  LRFD  F1-14) 


nLTB_elastic  nLTB_elastic-'^  p3>  nLTB_elastiC’  p3) 


^  nLTB_elastic  = 

Mn3-="('-b2<'-p.Mp3.<')  “n2-“p2 

n3  '■  '^[  {*-  p-*-  b2) ■(*-  b2-*-  r)  >  nLTB_inelastic>  n3] 

n3  ==  '^[  (I-  r-L  b2)  >  nLTBJnelastiC’  n3] 


M  n3  =  3384  kip -in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 


Mn2  =  1238  kip  in 


^  nFLB  ==  ^  b' 


M 


p3  -  (M  p3  -  M  r)  j 


I  ^ 


flange  “  ^  pjiange 


^  r_flange  ”  ^  p_flange  j  J 
^  nFLB  •"  '^[  flange^  ^  p_flange)  ‘(^  nFLB*^  ^  p3)  *  ^  nFLB>  ^  p3] 


(eq.  LRFD  A-Ft-3) 


M 


nWLB 


:=Ch- 


M 


p3  -  (M  p3  -  M  r) 


^  web  “  ^  p_web  \ 


rjweb  ~  ^  pjweb/ J 
^  nWLB  •“  '^[  web^  ^  p_web)  ’  nWLB^  ^  p3)  ’  ^  nWLB » ^  p3] 


(eq.  LRFD  A-F1-3) 


M  n3  :=  if  (M  nFLB<  ^  n3  -  nFLB  >  n3) 

M  n3  :=  if  (M  nWLB<  ^  03,  M  nWLB  -  ^  n3) 
M  p3  =  3384  kip -in 
INTERACTION  EQUATIONS 


Second  Order  Effects:  (LRFD  Cl) 
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M  n{  :=  0  B1  :=  1 


NOTE:  As  the  product  of  M  nfBI  s  zero,  B1  was  set  to  1  for  simplicity. 


3 -3  AXIS, 
It3  ==  3 


2  -  2  AXIS 
M  |j2  M  2 


^c3  == 


^  It2  ‘-b2 
r2  Jr  '\J  E 


P 


A  Fy 
e2_3  •  ; 

^c3 


P 


e2_2  == 


AFy 

7  2 
^  c2 


B2  3 


1 


Pe2_3 


B23=1 


B2  2 


1 


Pe2_2 


B2  2  =  1.01 


u3  nt  It3’  nt  +  3  *^  It3) 

M  ^J2  :=  if(P  1>0,M  +  M  H2,B1M  +  B2  2M  H2) 


M  u3  =  2726  kip  in 


M  y2  =  812  kip  in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 
let  C  =  combination  factor 

NOTE:  C  should  be  less  than  or  equal  to  1 .0 


Pu==iPli 


C  :=  if 


->0.2. 


u  8 


/  M 


u3 


M 


u2 


[<l*Pn  <l»'^n  ^\'l»b-'^n3  b'*^  n2/  2  <|>P  n 

(eq.  LRFD  HI -1a) 

C  =  1.64  (including  strength  resistance  factors) 


“us 

Mu2  U 

-  + - 

\4»  b-'^  n3 

<(’  b  *^  n2/J 

(eq.  LRFD  HI -1b) 
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Cl  =  1.47  (excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2,  p.  6-56) 
3  -  3  AXIS 


2  -  2  AXIS 


r1  =  69.7 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


r2  =  87.2 


Vn3  ==  0.6Fyf.Af 


n3  ==  ‘t’  v'V  n3 
<()V  p3  =  447  kips 


Vn2  :=  ,0.6  Fyw  A  ^,0 


V  ,2  :=  if 


418 

(r1  <>.).(>.<r2),0.6  Fyw  A ^2 


yfw/ 


V  ,2  :=  if 


r2<X, 


132000  A 


w 


n2 


•  w/ 


<|)V  n2  :=  'l>  v'V  n2 


(|>V  p2  =  f94  kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F  y  :=  0.6  (|)  y -Fy  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress: 

^  0  •“  f  “  f  f) ”  f  w) 
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v3  •= 


^3 

F„ 


M  ^ 

P3 

M  H 

f  .,0  :=  4- 

C\J 

CL 

f- 

o 

< 

2Af 

2.tfAo 

2Aw 

f  v3  =  0.753 

ksi 

fv2=  1-72 

ksi 

'  =  0.0387 

=  0.0885 

Fv 

DEMAND  CAPACITY  RATIO  (DCR) 


Cl 


OCR  := 


^  v3 

f  v2 
Fv 


rfiax(  OCR)  =  1.47 
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APPENDIX  B7 

Type  L  Cab  Corner  Mullion-to-Shaft  Roof  Beam  Connection 
Evaluation 

(based  on  AISC-LRFD.  2nd  ed.,  1994) 

NOTES :  -This  Sheet  checks  the  strength  of  the  base  of  the 
mulliori  connection  for  cab  mullions  1-4. 

TOWER  :  Type  L.  50  ft.  (Salinas,  CA) 

MEMBER  :  Prismatic  mullion  base  connection 
(dwg.  S-4) 

ANALYSIS  RUN  :  LI 

APPLIED  LOADS  :  1 00%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  (+),  positive,  represents  tension 
P  (-),  negative,  represents  compression 

P  :=  4.5  kips  M  .|  ;=-70  kip  in 

V2:=24.3kips  M  2  :=  66  kip  in 

V  3  ;=  10.3 kips  M  3  :=  804  kip -in 

P2-IV2I 

P3:=jV3j  Mi:=|MijM2:=|M2|M3:=|M3 

SECTION  PROPERTIES 


d  b  :=  0.75  in 

d  :=  7 

in 

t  p  :=  0.5  in 

b:=4 

in 

I  p  ;=  13  in 

w  p  :=  8  in 

t,:=l 

in 

t^-  0.5 

in 

arm  :=  I  fl 

edge 

2  ^ 

WIO  (bf=i0‘') 
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MATERIAL  &  CODE  PROPERTIES 


F  U_b  ==  90 

ksi 

(j)  y  :=  0.75 

F  y_b  :=  48 

ksi 

(()  y  :=  0.90 

Fw-70 

ksi 

<1.  b  :=  0.75 

Fy:=36 

ksi 

CALCULATED  PROPERTIES 


BENDING: 

Maximum  Moment  may  be  limited  by  uitimate  bolt  tension  (2  boits); 

^  n  u_b'^  b'^  (()  Ij-R  P  =  59.6 

End  Plate  Connection  (LRFD  p.  1 0-24) 

3-3  Axis  Bending: 

Values: 


n  P  H  ^ 

p  I -  d  edge  -  - 


Pe== 

b,;= 


Pf- 


Ca'= 


Ck:=  — 


0.5 


W 


Wp 

1.36 
bf 

\bp 


:=bftf 

:=(d-2 


(Table  10-1) 


m 


:=  C^C 


“  m  “ 


kips 
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(j)  y-M  p  =  16.2  kip-in 

M^=15.8  kip-in 

P  =  24  kips  <  <!»  b’R  n  above 

(j)M  y3  =  131  kip-in 


a  =  0.854 

(()  y-M  p  =  16.2  kip-in 
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Mj  :=. 


M 


en 


m 

Pu,:=M,./A', 

\Pe/ 

Maximum  tension  of  bolts  controls: 
^  uf  •“  "t*  b'^  n 


♦Mu2:=iPuf-— j-fb-t 


w 


SHEAR : 

Shear  on  bolts  (limits  shear  reactions): 
-  4  bolts  total 


^  n_b  ^  b'^  y_b*^ 

Shear  on  plate  (limits  axial  tension): 

^  n_4Dl3  •“  w  p  *  p'^  y 


Rn_pl2  :=  0.60.(d  +  l)  t  p  Fy 

Both  plate  shear  forces  are  larger  than 
maximum  bolt  tension:  Bolts  control 


M|  =  19 

kip -in 

Puf  =  >21 

kips 

>  if)  b'P  n  sbove 

P  ijf  =  59.6 

kips 

<t)M  ^J2  =  201 

kipin 

•I*  v  *^n_b  = 

't’  y  n_pl3  ^ 
•t*  yf^n_pl2  = 


kips 

kips  >  above 

kips  >  (t>p  Rp  above 


DEMAND  CAPACITY  RATIO  (DCR): 

Bending:  Not  additive  in  the  3  and  2  directions  because  plate  bending  controls  In 
the  3  direction  while  the  bolt  tension  controls  in  the  2  direction. 


M  3 
(|)M  ^3 
M2 
<|)M  u2 

P2 

•I*  v'P  n_b 


DCR  := 


max(DCR)  =  6.15 
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APPENDIX  B8 

Type  L  Cab  Corner  Mullion-to-Shaft  Roof  Beam  Connection 
(Col  5)  Evaluation 

(based  on  AISC-LRFD.  2nd  ed.,  1 994) 


NOTES :  -This  Sheet  checks  the  strength  of  the  base  of  the 
mullion  connection  for  cab  mullion  5. 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

CONNECTION  :  Non-prismatic  mullion  base  connection 

(dwg.  S-4) 

ANALYSIS  RUN  :  L1 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 


MAXIMUM  REACTIONS  : 

P  1  (+),  positive,  represents  tension 
P  (-),  negative,  represents  compression 

P 


1 


V 


WIO  (bf  =  10") 

2 

^  j —  7/8"  H.S.  Bolts 


a-J 

1  t 

_ u _ 

.id 

;=  23.5  kips 

M  ^  :=  -48 

kip-in 

1 1 

1 1 

/ 

V 

:=  26.5  kips 

0 

CM 

kip -in 

3^ 

( 1 

F  \ 

li 

:=  - 15.0  kips 

M  3  ;=  -294 

kip -in 

P2:=i  V2I 

-Ju 

PL  10"xi.5"xP0‘' 


P  Q  :=  I  V 


M.|;=  M.|  M2'~  M2  ^3'“  ^3 


SECTION  PROPERTIES 


d  b  :=  0.875 

in 

d  :=  12 

in 

t  p  :=  1.5 

in 

b:=4 

in 

Ip-20 

in 

tf:=l 

in 

WpSS 

in 

t  ^  :=  0.5 

in 

d  edge  •“  ^ 

in 

arm  :=  l-i 

fin 
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MATERIAL  &  CODE  PROPERTIES 


F  u_b  ==  90 

ksi 

^  V 

:=  0.75 

00 

II 

Li. 

ksi 

<|>  y 

:=  0.90 

F^;=  70 

ksi 

•I*  b 

:=  0.75 

F  y  :=  36 

ksi 

CALCULATED  PROPERTIES 


BENDING: 

Maximum  Moment  may  be  limited  by  ultimate  bolt  tension  (2  bolts): 


n  u_b'^  b'^ 


^  b  *^  n  = 


End  Plate  Connection  (LRFD  p.  10-24) 
3-3  Axis  Bending: 

Values: 

*  p  .  d 

p  f  -  d  edge  -  - 

db 

Pe==Pf-  — 

bf  :=  b 


bp:=bf+l 

C  3!=  1-36  (Table  10-1) 


Af  :=  bftf 

A  w  ■=  (d  -  2-t  f^t  ^-2 


«  m  ==^3  ^5- 


a  3,  =  1.07 


kips 
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Plate  Bending  Capacity: 


M 


br>t 


P  P 


— -Fy 


n 

^  en  •”  *1*  y'^  n 


(j)yMp  =  91.1  kipin 


:= 


M 


en 


M  ^  =  85.1 


m 


2 

lP"e/ 

Maximum  tension  of  bolts  controls: 


P  U,  =  95.6 


^^01== 

/  '  Pl\ 

<t'Mu3=='Puf-— j-(d-tf 

2-2  Axis  Bending: 

Values: 

Pf:=3-2 

.  . 

Pe-Pf-  — 

bf  :=  d 


P^,,  =  81.2 


(t)M  jj3  =  764 


b  p  d  +  1 
Cg-  1-36 


(Table  10-1) 


/bfr 


Cb==;Tr 

\^P/ 

A,:=bftw 

Aw- (b-2.tw)-tf2 


“  m  •“  ^a‘^  b’ 


\Aw 

Plate  Bending  Capacity: 


a  m  =  1-27 


(()  y-M  n  =  237 


kip -in 

kips  >  (j)  fj-R  r 

kips 
kip -in 


above 


4 


kip-in 
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en  •”  *1*  y  n 

M  { := 

“  m 

M^  =  187 

kip  in 

\Pe/ 

Puf  =  478 

kips  >  <|)  b'R  n  above 

Maximum  tension  of  bolts  controls: 

P  uf  •“  *1*  b'P  n 

Puf  =  81.2 

kips 

/  PiU 

u2  •“  ‘^P  uf  ^ y  ■  ~  ^  w) 

(j»M  y2  =  243 

kip  in 

SHEAR  : 

Shear  on  bolts  (limits  shear  reactions): 
-  4  bolts  total 


R  n_b  ^  b'P  y_b  '* 

*1*  v'P  n  b  ~ 

kips 

Shear  on  plate  (limits  axial  tension): 

P  n _pl3  0-60  (b  +  1  )-t  p  F  y 

^  yP  n_pl3  = 

kips  > 

(j)  t)-R  n  sPove 

P  n_pl2  •”  0  60  (d  -t-  1  )  t  pT  y 

•I’  y'P  n__pl2  “ 

kips  > 

(f)  p-R  n  above 

Both  plate  shear  forces  are  larger  than 
maximum  bolt  tension:  Bolts  control 


INTERACTION: 

Bending:  Additive  in  the  3  and  2  directions  as  the  bolt  tension  controls  in  both  directions, 
j"  M  0  M2 

(t)M  ^3  (t)M  ^J2 

P2 


OCR  := 


max(DCR)  =  2.07 
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APPENDIX  B9 

Type  L 10WF72  Where  it  Crosses  the  16WF88  Shaft  Roof  Beam 
Evaluation 

(based  on  AISC-LRFD,‘2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  l-shaped  members 
-Note  member  axis  definitions  below 

TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  1 0WF72  @  1 6 WF88  /  shaft  roof 

ANALYSIS  RUN  :  L1 

APPLIED  LOADS  :  1 00%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  .|  (+),  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 

P  :=  -29.7 kips  M  .|  :=  22  kip  in 

V  2  :=  56.6  kips  M  2  :=  -233  kip  in 

V  3  :=  4.8  kips  M  3  ;=  -3101  kip  in 

P  2  :=  i  V  2  I 

'  '  Mi:=|M.,|  M2:=|M2j  M3:=|M3| 

P  3  I  3  i 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 


i 

i 

! 

1 

the  1  axis  is  the 
longitudinal  axis  out  of  the 
page 
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SECTION  PROPERTIES 

A  :=  21.18  in^ 

J  :=  3.56  in'* 

^  nt3  2 

Ae:=A 

d  ;=  10.50  in 

k  :=  2 

13:=  420.7  in'* 

k  :=  1  -t- —  m 

16 

k  n3  :=  2 

K  values  by  LRFD 

Table  C-C2.1 

1  2  :=  141.8  in'* 

t  yfj  :=  0.510  in 

k  ^^2  :=  2 

83:=  80.1  in^ 

b{  :=  lO.nOin 

L  ij3  :=  43.4  in 

83:=  27.9  in^ 

t  f  :=  0.808  in 

L 132  :=  43.4  in 

23:=  85.3  in^ 
23. -40.1  in^ 

C^:=  3100  in^ 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

(j)  fj  :=  0.90 

4.  g  :=  0.85 

G  :=  11200  ksi 

Fu  :=  58  ksi 

(j)  y  :=  0.90 

Ct,-  1.0 

Fr  :=  10  ksi 

Fyf  :=  Fy 

(f)  ty  :=  0.90 

C  b  is  conservatively 
taken  equal  to  1 .0 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

^  tf  :■ 

CALCULATED  PROPERTIES 
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AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

‘t’P  nt  •”  e)>'l’  ty  ’^y'^] 

<|)P  p{  =  686  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 

65 


(eq.  LRFD  DM) 
(eq.  LRFD  D1-2) 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


flange  -  ^ 


^  p_flange 
^  rjiange  •' 


141 

/^Fy  -  10 


=  10.8 


flange 


=  6.29 


p_flange 
^  rJIange 

^  flange  ^  pjiange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


p_web 


:=  if 


I  P 


->  0.1251- 


p_web 


:=  if 


[  \<l>  b-Py 

/  Pu 


'jfL.(2  33  - 

Pu  ^^253 

191 

‘I’b-Py/  4^ 

Pu==iPl 

p  y  :=  Fy-A 


-2.33-, 


u  253 


^  b-Py/ 


[\4«  b-f 


640  /  2.75-P„\ 

^0.125  i,-^.[l - ^j,Xp_v,eb 


H-Py, 


p_web 


970 


/ 


r  web  == -F=-  1  - 


4^ 

member  values  X  :=  — 


^  b‘P  y/ 
h 


t 


w 


^  r  web  “ 


^  web  ~ 


^  web  ^  p_web 


OK 
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\ 

Fy 

/ 


{eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 


F  cr  =  33.9  ksi 

(t)P  ng  :=  (f)  q-F  (eq.LRFD  E2-1) 


({iP  p  if  i^P  .|<0,(()P  p(,,(j)P 


^Pp  =  611  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

FI. 2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3  -  3  AXIS  2  -  2  AXIS 

p3Jnitial 3  ^  p2Jnitial  •"  2 

M  y3  :=  Fy-S  3  M  y2  :=  Fy  S  2 

M  p3  :=  if  (Fy  Z  3<1.5  Fy  S  3,  Fy  Z  3, 1.5  Fy  S  3) 

M  p2  :=  «(Fy  Z  2^1.5  Fy  S  2,  Fy  Z  3. 1.5  Fy  S  g) 


kip  in 


kip  in 


Mp3  =  3071 


M  p2  =  1444 
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(a) :  l-shaped  members  and  channels 
3  -  3  AXIS 


2  -  2  AXIS 


Lp:=. 


300  r. 


4^ 


Xi  := 


7t  EGJA 


(eq.  LRFD  F1-4) 


(eq.  LRFD  FI -8) 


X  o  :=  4  - 


lo  \Q-J/ 


(eq.  LRFD  FI -9) 


Mr-=FL-S3 


(eq.  LRFD  FI -7) 


r  _  L 


^  nLTB  inelastic  •-  ^  b' 


..  /. «  n  \  l^bS  ^p\ 

p3  -  p3  -  r)  - \ —  j 

\  ^r-  '-p  / 


(eq.  LRFD  F1-2) 


2b.  Doubiy  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channels 


3  -  3  AXIS 


2  -  2  AXIS 


^  nLTB  elastic  ■"  ^  bT 


b2 


(eq.  LRFD  F1-13) 


^  nLTB_elastic  •“  nLTB_elastic^^  p3’  ^  nLTB_elastiC’  ^  ps) 


M  nLTB.elastic  =  '^P  '" 


==  '^('-b2<'-p’''^p3’®) 


M  n2  :=  M  p2 


n3  ==  '^[  (L  p^L  b2)  •  (•-  b2-'-  r)  ’  nLTBJnelastic*  ns] 
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M 


n3  ==  '^[  (I-  r-*-  b2)  >  ^  nLTBJnelastic*  ns] 


M  p3  =  3071  kip  in  M  p2  =  1444  kip  in 

Check  iocal  iimit  states:  (LRFD  Appendix  F,  p.  6-111) 


M 


nFLB 


C  h' 


M 


p3  -  p3  -  r) 


/X. 


fiange  ”  ^  pjiange 


rjiange  "  ^  pjiange/ J 
^  nFLB  •”  '^[(^  flange^  ^  p_flange)  (^  nFLB<^  p3)  nFLB’^  p3] 


(eq.  LRFDA-F1-3) 


nWLB  ^  b' 


M 


p3-(Mp3-Mr)i 


I  ^  web  ~  ^  pjweb 


\ 


'\^  r_web  “  ^  p_web  / 

^  nWLB  •“  '^[  web^  ^  p_web) ' nWLB^  ^  p3)  >  ^  nWLB  >  ^  p3] 


(eq.  LRFD  A-F1-3) 


M  p3  :=  if  (M  pp|_B<  M  ^3,  M  npL0 ,  M  ^3) 
M  p3  :=  if  (M  nWLB<  n3>  nWLB>  n3) 


M  n3  =  3071  kip  in 

INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  Cl) 

M  Pt  :=  0 
B1  :=  1 

NOTE:  As  the  product  of  M  pj  BI  is  zero,  B1  was  set  to  1  for  simplicity. 


3 -3  AXIS 

2  -  2  AXIS 

M  Its  :=  M  3 

M  ||2  J—  M  2 

‘<lt3  Lb3  [fv 

,  ^  It2  '-  b2  (Py 

II 

CO 

0 

r< 

,  Jp 

r3-;r  -v  c 

r  2k  N  ^ 

p  A  Fy 

P  e2_3  -  2 

p  0  0  ■= 

^  e2_2  •  2 

>■03 

1 

CVI 

0 
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B2  3 


1  - 


I 


Pe2_3 


B2  2 


1 


Pe2_2 


B2  3  =  1  B2  2  =  1 

u3  ==  nt  +  It3’  nt  +  3-M  U3) 

M  ^2  :=  if(P  1>0,M  nt  -t-  M  nt  2  *^  It2) 

Mg3  =  3107  kip  in  M  ^3  =  234  kip-in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  HI  .1 ,2  p.  6-59) 
let  C  =  combination  factor 
NOTE;  C  should  be  less  than  or  equal  to  1.0 


p..:=:  P 


1  i 


C:=  if 


->0.2, 


u  8 
+  — 


M 


U3 


M 


U2 


M 


U3 


M 


u2 


\ 


•(•Pn  't'Pn  ^  y*!*  b‘*^  n3  ■  "t*  b’*^  n2/  2-it)P  n  \<t' b‘*^  n3  b'*^  n2/ 
(eq.  LRFD  HI -la)  (eq.  LRFD  HMb) 


C  =  1.3 


Cl  :=  if 


(including  strength  resistance  factors) 


->0.2. 


P  u  8  u3  ^  u2^ 


'M 


*I'P  n  <t»P  n  ^  n3  ^  n2/  ^  n 
0.85  0.85 


u3  u2\ 
—  4- 


il^nS  ^r\2 


Cl  =  1.2  (excluding  strength  resistance  factors) 

SHEAR  (LRFD  F2,  p.  6-56) 

3  -  3  AXIS  2  -  2  AXIS 

X\=—  X=  15.4 

t, 


r1  := 


w 

418 

/^Fyw 


r1  =  69.7 
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Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


r2  =  87.2 


Vn3  ==  0.6Fyf.Af 


V  n2  :=  if 


V  n2  :=  if(x^r1 ,0.6-Fyw  A 

418 

(r1  <X)-(X<r2),0.6.Fyw-Aw.:^,Vn2 

(f  w) 


V  ,2  :=  if 


r2<?i,- 


132000  A 


w 


/Jl 

I'wy 


.Vn2 


V  p3  =  355  kips 
'l»V  n3  ■=  <l>  v'V  n3 

4,V  n3  =  319 
V3  =  4.8 


kips 

kips 


Vn2=116 
(|)V  n2  :=  ^  n2 
4,V  n2  =  104 


V  2  =  56.6 


kips 

kips 

kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 


F  y  :=  0.6  (|)  y-Fy 

Combined  Shear  and  Torsion  stress: 


(eq.  LRFD  H2-2) 


M 


f 


v3  - 


1 


.  d  2Af 
A  I—  I 
2 


v2  - 


'  w 


f  y3  =  0.401 


ksi 


f  y2  =  10.6 


ksi 


v3 


=  0.0206 


v2 


=  0.544 
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Bending  /  Axial  DCR  controls 


OCR  := 


max{  DCR)  =  1.19 
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APPENDIX  BIO 

Type  L 12WF27  Cab  Floor  Beam  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  l-shaped  members 
-Note  member  axis  definitions  below 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 
MEMBER  :  1 2WF27  Cab  Floor  near  Col  5 


P 

1 


ANALYSIS  RUN  :  LI 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  (+),  positive,  represents  tension 
P  (-),  negative,  represents  compression 


P  .,  :=  16.8 

kips 

M  ^  :=  0 

kipin 

i - 

Vg  ;=-5.8 

kips 

Mg- -79 

kipin 

the  1  axis  is  the 
longitudinal  axis 

V3-I-3 

kips 

M  g  :=  390 

kip  in 

out  of  the  page 

M  1  :=  I  M  1 

'  i  ' 


Mg!—  Mg 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 

A  :=  7.97 

in' 

J  :=  0.30 

in'* 

k  nt3  :=  1 

< 

CD 

< 

d  :=  11.96 

k:=0  4-i2 
16 

in 

k  nt2  :=  1 

K  values  by  LRFD 

1  3  :=  204.1 

in'* 

in 

k  H3  :=  1 

Table  C-C2.1 

1  2  :=  16.6 

in'* 

t  ^  :=  0.240  in 

k  |t2  :=  1 

83:=  34.1 

in'  • 

b  f  :=  6.50 

in 

Lb3-  192 

in 

S  2  :=  5.1 

in' 

t  f  :=  0.400 

in 

Lb2:=  129 

in 

23:=  37.2 

in' 

0^:=  607 

in^ 

Z2  :=  8.17 

in' 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

((>13:=  0.90 

(!)(;:=  0.85 

G  :=  11 200  ksi 

Fu  :=  58  ksi 

(j)  y  :=  0.90 

Cb:=  1.0 

Fr  :=  10  ksi 

Fyf  :=  Fy 

<t)  :=  0.90 

C  b  is  conservatively 
taken  equal  to  1 .0 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

<l>  tf 

CALCULATED  PROPERTIES 


AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

<t>P  nt  ==  iff <!>  tfPu-A  e^<t>  ty-Fy-A,  (<t>  tfFu  A ^-Fy-A] 

'•  \  /  J  (eq.  lRFD  D1-2) 


<t>P  nt  =  258 


kips 
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COMPRESSION  (LRFD  E,  p.  6-47) 


E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


1 

pjiange  — 

VFy 


^  pJIange  “ 


X 


141 

rjflange  ■  ■  ■■ 

VFy-  10 


^  rjiange  “ 


X 


flange 


bf 

2.tf 


^  flange  “ 


^  flange^  ^  pjiange 


Webs  in  combined  P  u  ^  1  | 

flexure  and  compression 

(for  h/t  ratio)  ^  y 


[[/  >0125V 

i£L.;'2.33  - 

Pu  \5,253 

i2L./2.33  - 

P  u  \  253 

[Ub-Py  1 

\ 

•t’b-Py/ 

\'4^\ 

H-Py/’^F^. 

p_web 


:=  if 


L\ 


\«l>  b’P 


970  / 


/ 


^rweb  :=^-|  1-0.74. 
p_web 


>^\  H-Py/ 
Pu  \ 


(f)  b'P 


^  n  M/oh  —  87.6  X  j  \/y^g|3  —  154 


member  values 


^  web  ■“  T — 
‘  w 


web 


=  43.1 


web*^  ^  p_web 


OK 


^  c 


:=  if 


/'^ItS-bbS^  ’<lt2-‘-b2  *<lt3  *-b3  ^ 

^  '■3  r2  rg-K  'Je 


112-'- b2 
r  2'7t 


(eq.LRFD  E2-4) 


Xc  =  l 


,  X  ~  0  877 

Fpr- if;  c^l-5. 0.658  °  .Fy.-lii-.Fy 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 
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F  =  23.6  ksi 

<|)P  nc  :=  <1>  c'^  cr’^  (eq.LRFDE2-1) 

(|»P  p  :=  if  /P  .|  <  0 ,  <|>P  p(, ,  (|)P 
(|>P  P  =  258  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

FI  .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 


3  -  3  AXIS 

^  p3Jnitial  •=  3 

M  y3  :=  Fy  S  3 


2  -  2  AXIS 

^  p2Jnitial 2 
M  y2  !=  Fy  S  2 


M  p3  :=  if  (Fy  Z  3<1.5.Fy.S  3,  Fy-Z  3,  l.S-Fy-S  3) 

M  p2:=  if(Fy.Z2<1.5  Fy  S  2,Fy  Z  2, 1.5  Fy  S  2) 
M  p3  =  1339  kip  in  M  p2  =  275  kip-in 


(a) ;  l-shaped  members  and  channels 
3-3  AXIS 
300  r2 


2  -  2  AXIS 


Lp:- 


Xl- 


n  E-G-J-A 


(eq.  LRFD  F1-4) 


(eq.  LRFD  FI -8) 


X2  :=4 


^  w  /  ^  3 


(eq.  LRFD  F1-9) 
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Mr-Fl-Sa 


(eq.  LRFD  FI -7) 


F|_  N 


M 


nLTB  inelastic 


:=Ck- 


(eq.  LRFDF1-6) 


L  b3  -  L 


Mp3- (Mp3- Mr) 

'  ^r-  "-p  /j 


(eq.  LRFD  F1-2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channels 

3  -  3  AXIS  2  -  2  AXIS 


M 


nLTB_elastic  •"  ^  b  T 


b2 


PI  r  I  r  (eq.  LRFD  FI-13) 

E  lgG  J  +  j- - i  •l2-Cw 

\'-b2/ 


M  nLTB_elastic  ■”  (.M  nLTB_elastic“M  p3,  M  nLTB_elastiC’  M  p3)  (eq-  lrfd  fi-i2) 

M  nLTB_elastic= 

Mn3-il(l-b2<'-p’“p3''')  “n2-=Mp2 

M  n3  •-  '^[  (*-  p-*-  b2)  ■(*-  b2-*-  r)  >  M  nLTBJnelastic*  M  ns] 

M  n3  ==  '^[  C-  r^L  b2)  >  M  nLTBJnelastic*  M  n3] 


Mn3  =  946 


kip  in 


M  n2  “  kip  in 


Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 


M  nFLB  ==  C  b- 


M 


p3  -  (M  p3  -  M  r 


/  X 


flange  “  ^  pjflange 


rjiange  -  ^  pjflange/ J 
M  nFLB  •-  flange^  ^  p_flange) '  (M  nFLB*^  M  p3)  ,  M  ppLB  ’  M  p3 j 


(eq.  LRFDA-F1-3) 
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M 


nWLB 


:=  C  K- 


Mp3-(Mp3-Mr) 


/  X. 


web  “  ^  p_web 


\ 


rjweb  ”  ^  p_web/ 

^  nWLB  web^^  p_web)'(*^  nWLB<^  ps)’^  nWLB>^  p3] 


(eq.  LRFDA-F1-3) 


n3  '=  nFLB<'^  n3’'^  nFLB’’'^  n3) 
M  n3  ;=  if  (M  nWLB<  ^  ns, M  nWLB’  n3) 
M  p3  =  946  kip  in 


INTERACTION  EQUATIONS 
Second  Order  Effects:  (LRFD  C1) 


M  p,  :=  0 


B1  :=  1 


NOTE:  As  the  product  of  M  p^  BI  is  zero,  B1  was  set  to  1  for  simplicity. 


3  -  3  AXIS 


M  H3  ;=  M  3 


c3 


e2_3 


It3  ‘-b3 
r3-7i  4^ 


B23:= 


3 

A  Fy 

^c3' 

1 


2  -  2  AXIS 


M  u2  M  2 


c2 


*^lt2  ‘-b2  [py 
r  2  Jt  '\  E 


e2_2 


2- 
A  Fy 
^c2' 
1 


1- ' 

Pe2_3 

—  t  1 

1  -  i- 

P 

=  1.01 

B2  2  =  1-06 

nt  -h  M  H3 ,  B1  -M  p,  4-  B2  3-M  113) 

1 


e2_2 


M  u3  =  390  kip  in 


M  y2  •=  if  (P  1  >  0 .  M  nt  I-  M  it2 ,  B1  -M  nt  +•  B2  2-M  112 
M  y2  =  79  kip-in 
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Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  HI. 1,2  p.  6-59) 
let  C  =  combination  factor 
NOTE;  C  should  be  less  than  or  equal  to  1 .0 


P  u  8 

/  Mu3 

I  -1- 

4 

CL 

“u3 

Mu2  V 

- ^U.Z, 

<I>P  n 

♦Pn  « 

!  1 

\'t'  b-'^''  n3  ^  b-'^  n2; 

’2«|.Pn 

b-'^  n3 

<l>  b'l^  n2/ 

(eq.  LRFD  HI -la)  (eq.  LRFD  H1-1b) 


C  =  0.809  (including  strength  resistance  factors) 


Cl  :=  if 


P  u  ^  8  u3  ^  ^  u2\  P  u  ^  u3  ,  u2\ 

\Mn3  M  ^2/ 

0.85  0.85 


C1  =  0.727  (excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2.  p.  6-56) 
3  -  3  AXIS 


2  -  2  AXIS 


r1  =  69.7 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


r2  =  87.2 


Vn3  :=  0.6.Fyf  Af 


V  p2  :=  if(^^i'1 ,0.6-Fyw  A^,0) 


418 


(r1  <X)(A,<r2),0.6FywA  ^ 


4^  V 


n2 


■  w/ 


V  „2  ~  il 
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V  n2  :=  if 


r2<X,- 


132000-A 


w 


V 


n2 


\'w/ 


Vn3=n2  kips 
't>V  n3  ==  ^  v'V  n3 


V  p2  =  62  kips 
<t>V  n2  :=  "I*  v'V  n2 


(j)V  p3  =  101  kips 


(j)V  p2  =  55.8  kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  fiexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 


Fy  :=  0.6  (1)  y  -Fy 

Combined  Shear  and  Torsion  stress: 


f 


M 


v3  •= 


1 


.  d  2A , 
Af_  I 

2 


f  y3  =  0.125  ksi 


v3 


=  0.00643 


(eq.  LRFD  H2-2) 


f  y2  =  2.02  ksi 


=  0.104 

Fy 


Bending  /  Axial  OCR  controls 


OCR  ;= 


C1 

^v3 

fv2 

Fy 


max(DCR)  =  0.727 
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APPENDIX  B11 

Type  L  Channel  at  the  Base  of  the  Cab  Window  (C4  x  7.25) 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


NOTES :  -This  Sheet  is  for  C-shaped  members 
-Note  member  axis  definitions  below 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  04x7.25  at  base  of  window 

ANALYSIS  RUN  :  Li 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  {+),  positive,  represents  tension 
P  (-),  negative,  represents  compression 


r" 


3- 


P  - 19.3  kips 

M  1  :=  0 

V  2  :=  2.5  kips 

M  2  •”  0 

V3:=-0.9  kips 

M  3  :=  12 

CVJ 

> 

II 

CM 

Q. 

:=  i  M  .|  j  M2 

CO 

> 

11 

CO 

CL 

kipin 

the  1  axis  is  the 

longitudinal  axis 

kip  in 

out  of  the  page 

kipin 

I  M  2  i  M  3  I  M  3  I 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 

A  :=  2.13  in^ 

d  :=  4.00  in 

^  nt3  ==  ^ 

A  g  :=  A 

1  3  :=  4.59  in'* 

k  :=  0  +  ii  in 

16 

t  ^  :=  0.321  in 

k  rn2  :=  1 

k|t3  :=  1.0 

K  values  by  LRFD 

Table  C-C2.1 

1  2  :=  0.433  in'* 

bf  :=  1.721  in 

k|t2  == 

83:=  2.29  in^ 

1 1  :=  0.296  in 

k  .|  :=  1.0  torsional  effective  length 
factor 

83:=  0.343  in^ 

X  Q  :=  0.459  in 

Lb3 

23:=  2.81  in^ 

e  Q  :=  0.386  in 

L 132  :=  12  in 

23:=  0.697  in^ 

L  tji  :=  192  in 

unbraced  length  for 
torsion 

MATERIAL  &  CODE  PROPERTIES 

E:=  29000  ksi 

Fy  :=  36  ksi 

4.  b  :=  0.90 

(j)  g  :=  0.85 

G  :=  11 200  ksi 

Fu  :=  58  ksi 

(j)  y  :=  0.90 

Cb:=1.0 

Fr  :=  10  ksi 

F  L  :=  Fyf  -  Fr 

Fyf  :=  Fy 

Fyw  :=  Fy 

<|>  ty 

<t»  tf  :■ 

C  tj  is  conservatively 
taken  equal  to  1 .0 

flexural-torsional  properties  (pg  1-145) 

Cyy:=1.24  in6 

warping  constant 

J  :=  0.08  in4 

torsional  constant 

H  :=  0.768 

flexural  constant 

rg  :=  1.75  in 

polar  radius  of  gyration  about  shear  center 

calculated  properties 


h:=d-2-k 
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AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

nt  •"  e-^  ^f-Fu  A  ,(j>  ty-^y-Aj 

(j)P  =  69  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  vaiues  for  local  buckling  (LRFD  Table  B5.1) 


(eq.  LRFD  DM) 
(eq.  LRFD  D1-2) 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


flange  •" 


65 


^  pjiange  ■“  “p= 

VFy 

^  pJIange  “ 


^  rjiange 


141 


f 


flange 


-^Fy-  10 
^  rJIange 

^  flange‘s  ^  p_flange 


^  p_web 


Webs  in  combined 

Pu==lPl| 

fiexure  and  compression 

(for  h/t  ratio) 

p  y  :=  Fy-A 

rr  /  p  u 

L253’ 

.[I'f'b-Py  / 

H-Py/ 

\'-FA  HOy/#;J 

p_web 


:=  if 


I . ! . <0.125^, -^.jl- 


I  2.75.Pg\ 


[\<l>  b-Py 


970 


//py  \  *t>  b-P  y  / 


’  ^  p_web 


^  r_web  == -pr-  1  -  0-74-— - 

VFy  \  ^  b-P ; 

^  p_web  “  ^  r_web  ~ 

member  values 


web  •“  T — 
^  w 


^  web  “ 


^  web'^  ^  pjweb 


USACERL  TR  99/04 


177 


x  *^lt3  ‘-b3  '<lt2-^b2  f^\ 

^  \  ’’  3  *^2  r  3-7t  E  r  2-71  4  E  j 


C  =  1-47 

FcrFB:=«[>^c^l-5. 0-658^'  -Fy.-^-Fyj  (^^^-RFD E2-2) 

\  ^  C  /  (eq.LRFD  E2-3) 


crFB 


=  14.6  ksi 


CHECK  FLEXURAL-TORSIONAL  BUCKLING 


F  ey  •“ 


ji^-E 


/,  ,  \2  y  represents  axis  of  symmetry 

K|t3-^b3\ 

\  ^3  I 


k^-EC 


w 


4-  G*J 


ez  *’ 


L  V 


Ar, 


^  ey  ^  ez 


1 


4  F  0y  F  g^-H 


(Fey+I^ 


ez 


Xe:=  ^ 


F  crTB  == 


X.  c<1.5, 0.658  ® -Fy, 


0.877 


Fy 


F  cr  (F  crTB<  ^  crFB  -  ^  crTB  •  ^  crFB 

'l>P  nc  == 't»  Cr-A  (eq.LRFDE2-1) 

(|)P  n  :=  if(p  1<0,(|>P  ng,(|)P 
(|)P  P,  =  26.5  kips 


(eti.LRFD  E2-4) 
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BEAM  CHECK  (ch.  F,  p.  6-52) 

FI  .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 


3  -  3  AXIS 


p3Jnitial  =-  S 
y3  :=  Fy  S  3 


p2Jnitial  •"  2 

M  y2  :=  Fy  S  2 


M  p3  :=  if  (Fy  Z  3<1.5  Fy  S  3,  Fy  Z  3,  l.S  Fy  S  3) 

M  p2  :=  if  (Fy  Z  2<1.5  Fy  S  2,  Fy  Z  2,  l.S  Fy  S  2) 


Mno=101  kip  in 


Mn2=18.5  kipin 


(a) :  l-shaped  members  and  channels 
3  -  3  AXIS 


2  -  2  AXIS 


(eq.  LRFD  F1-4) 


Xi  := 


n  EGJA 


(eq.  LRFD  FI -8) 


X  o  ;=  4- 


Cw/Ss'l" 


(eq.  LRFD  FI -9) 


Mr:=FL.S3 


(eq.  LRFD  FI -7) 


(eq.  LRFD  FI -6) 
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nLTBJnelastic  ^  b‘ 


Mp3- (Mp3- Mr)  1,1771“] 

\  Lr  Lp  y 


(eq.  LRFD  FI -2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channels 
3  -  3  AXIS 


2  -  2  AXIS 


M  nLTB  elastic  ==  ^  b  i - ' 


EI2-GJ  + 


'-b2; 


*  I  O'^  \ij 

^  yi^q.LRFDFI-IS) 


M  nLTB_elastic  '^(M  nLTB_eiastic-M  p3>M  nLTB_elastiC’M  p3)(eq.  lrfdfi-i2) 
M  nLTB_elastic  =  101  kip  in 
M  n3  V*-  b2‘^  I-  p,  M  p3, 0^ 


Mn2  :=Mp2 

M  n3  ==  '^[  C-  p-*-  b2)  •('-  b2-'-  r)  ’ M  nLTBJneiastic-  M  n3] 


M 


n3  •“  '^[  (*-  r-*-  b2)  ’  M  nLTBJnelastic >  M  n3] 


M  n3  =  101 


kip  in 


M  n2  =  18-5 


kip  in 


Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

^  flange  -  ^  pjiange 


M  nFLB  ==  b 


M  p3  -  (M  p3  -  M  r 


^  rjiange  -  ^  pJIange  / 

M  nFLB  'l[  flange^  ^  pjiange)  ‘  (M  nFLB<  M  p3]) ,  M  pp|_0 ,  M  p3 j 


(eq.  LRFD  A-F1-3) 


M  nWLB  ==  C  b 


M 


p3  -  (M  p3  -  M  r) 


^  web  -  ^  p_web 


rjweb  -  ^  p_web/ 

M  nWLB  ==  'l[  web>  ^  p_web)  ‘(M  nWLB<  M  p3) ,  M  M  p3] 


(eq.  LRFDA-F1-3) 


M  n3  ==  '1(M  nFLB<  M  03,  M  nFLB>  M  n3) 

M  n3  '1(M  nWLB<  M  n3»  M  nWLB>  M  n3) 
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INTERACTION  EQUATIONS 
Second  Order  Effects:  (LRFD  Cl) 

M  nt  :=  0 
B1  :=  1 

NOTE:  As  the  product  of  M  pj  Bt  is  zero,  B1  was  set  to  1  for  simplicity. 


3  -  3  AXIS 
M  n3  :=  M  3 

,  ^  Its  *-  b3  IPy 

^  c3  == - • 

r^-n 

A  Fy 


2  -  2  AXIS 
M  1^2  ^  2 


,  It2  '-  b2 

^  c2  ==  — - 

r  2*71 


e2_3 


e2  2  - 


A  Fy 


B23:=. 


^c3 

1 


1 


B2  o  := . 


^c2 

1 


M 


1  -  '  ' 

P  e2_3 

1  --L 
P 

B2  3  =  2.18 

B2  2=  1.02 

u3  •=  1>0,M  M  -h  B2  3-M  ^3) 

u2  :=  if  (P  i> 0,  M  nt  -F  M  |t2, B1  M  +  B2  2-M  H2) 

1  j 


e2_2 


M 


u3 


=  268 


kip  in 


M  u2  =  0 


kip  in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1 .0 
u 


Pm:=I  Pi 


C:=  if 


->0.2, 


u  8 
+  - 


M 


u3 


M 


u2 


/  M 


•1*^0  't>P  n  ^\<l>b''^n3  ‘I' b'*'^  n2/  ^-if'P  n  U  b*'^  n3  <l>  b’*^  n2 


u3 


M 


u2 


(eq.  LRFD  HI -la) 


(eq.  LRFD  HI -1b) 
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C  =  3.35  (including  strength  resistance  factors) 

r..  Pu  8/Mu3  ''''u2\  Pu  /'^u3  ^u2\ 

C1  :=  if  - S0.2, - +  -• - + -  - +  — — -I-— — 

•t-Pn  <l>Pn  ^n2l  T  n3  ^  n2l 

0.85  0.85 

Cl  =  2.98  (excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2,  p.  6-56) 


3  -  3  AXIS 

2  -  2  AXIS 

fw 

.  418 

r1  := 

^Fyw  =  69.7 

Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 

523 

r2  :=  r2  -  87.2 

^Fyw 

Vn3  :=  0.6.Fyf.Af 


V  n2  :=  ifr)L<r1 ,0.6  Fyw  A^,0') 


V  p3  =  22  kips 

•frV  n3  ==  ^  v'^  n3 
(j)V  p3  =  19.8  kips 


V  n2  :=  if  (rf  ^X)  (;^<r2),0.6  Fyw  A V 


V  n2  :=  if 


132000  A, 


V  n2  =  27.7  kips 
(t>V  n2  :=  <t>  v-V  n2 
(|»V  n2  =  25  kips 
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Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  fiexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60): 

Limiting  Shear  Stress  Value 

F  y  :=  0.6  (|)  y-Fy  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress: 


v3  == 


M  1  -«-P2(®o  +  ’^ 


f- 


fy3=1.92 


ksi 


=  0.0988 

Fv 


f  y2  =  1 .95  ksi 


0.1 


Bending  /  Axial  OCR  controls 
C1 
*  v3 

^  v2 


OCR  := 


max(DCR)  =  2.98 
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APPENDIX  B12 

Type  L  Cab  Interior  Mullion  (S3  x  7.5)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


NOTES :  -This  Sheet  is  for  l-shaped  members 
-Note  member  axis  definitions  below 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  S3x7.5  Interior  Mullion 

ANALYSIS  RUN  :  Li 

APPLIED  LOADS  :  100%  NEHRP-97  + self  weight 

MAXIMUM  REACTIONS  : 

P  (+),  positive,  represents  tension 
P  1  (-).  negative,  represents  compression 


P2==|  V2 


P3==|V3| 


2 

i 


P  .|  :=- 16.0  kips 

M  1  :=  1.0 

kip-in 

1 

V  2  :=  0.0  kips 

M2-O 

kip-in 

the  1  axis  is  the 

V  3  :=  0  kips 

M  3  :=  1 

kip -in 

longitudinal  axis  out  of  the 
page 

M.|;=  M.||  M2!- 1^2!  ^3’-  ^3 


ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 

-V3  and  M2  set  to  zero  due  to  the  influence  of  the  cab  glass  in  the  actual  structure. 


184 


USACERLTR  99/04 


SECTION  PROPERTIES 

A  :=  2.17  in^ 

J  :=  0.09  in'* 

k  n^3  :=  0.65 

> 

CD 

’ll 

> 

d  :=  3.00  in 

k  «|p  :=  1  K  values  by  LRFD 

^  Table  C-C2.1 

1  3  :=  2.9  in'* 

k  :=  0  -h—  in 

16 

<N 

II 

CO 

1  2  :=  0.59  in'* 

t  y,,  :=  0.349  in 

k  |t2  :=  1 

83:=  1.9  in^ 

b  f  :=  2.509  in 

L  fj3  :=  90.4  in 

82:=  0.47  in^ 

1 1  :=  0.260  in 

L  jj2  :=  90.4  in 

23:=  2.36  in^ 

Z  2  :=  0.826  in^ 

C^:=  1.10  in^ 

MATERIAL  &  CODE  PROPERTIES 

E  ;=  29000  ksi 

Fy  :=  36  ksi 

^  b  *”  c 

G  :=  11 200  ksi 

Fu  :=  58  ksi 

(j)  !=  0.90  ^  b  *”  ^ 

Fr  :=  10  ksi 

F  |_  ;=  Fyf  -  Fr 

Fyf  :=  Fy 

Fyw  :=  Fy 

^  ty  •-  0.90  ^  ^  .g  conservatively 

^ taken  equal  to  1 .0 
^  tf  :=  0.75 

CALCULATED  PROPERTIES 

r-^  A  yy  :=  d  t  yy 

r3  =  J 

't  Af;=2.b,.tf 

1 —  h  :=  d  -  2  k 

1  n 

rg  := 

l_i 

A 

AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 


(eq.  LRFD  DM) 

•frP  nt  ==  tf-Fu-A  e^<l>  ty-FV-A.  tfFu  A  e)  ,<!•  tyFV-A]  ^rfd  di.2) 
(()P  =  70.3  kips 
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COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 

p_flange  ■' 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


^  p_flange  “ 


r_flange 


141 


^Fy  -  10 

^r_flange  =  27.7 


flange  ^  flange 


=  4.82 


^  flange'^  ^  p_flange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==i  P 


P  y  :=  Fy-A 


p_web 


:=  if 


[[/  Pu  \ 

191 

(233- 

i2L.f2.33  - 

Pu  ^  253 

1  •!>  b'P  y  / 

i  H'P,/ 

.  'fy  \ 

b'P  yj  f^_ 

^  p_web 


/  P 


•  I  ''  fidn  I  2.75 -P,,) 

—0.125  .  ,_-_v  1 - - —  1 ,  K 


[  \'t'  b'P  y  /  \  b’P  y  / 

970  /  P  ..  \ 


r  web  •" 


4^ 


1  -  0.74- 


u-p 


^  p_web  "  ^  r_web  ~ 

member  values 


web 


web 


=  5.37 


w 


^  web"^  ^  p_web 


OK 


_  Its  *-  b3^  ^  It2  ‘-  b2  ^  ItS'^-bS  ^  It2  ‘-  b2. 

1  r,  ro  ’  ro-jt  r2-K  E 


(eq.LRFD  E2-4) 


kc  =  i-9 


Fcr:=if 


X -<1.5,0.658  Fy,. 


•Fy 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 
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nc  •“  *1’  C'^  Cr’^  (eq.LRFD  E2-1) 

(t>P  p  :=  if  1  <  0 ,  (j)P  pQ ,  (t)P 
(1)P  P  =  15.4  kips 


BEAM  CHECK  (ch.  F.  p.  6-52) 

FI  .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 


3  -  3  AXIS  2  -  2  AXIS 

^  p3Jnitial  3  p2Jnitial  2 

M  y3  :=  Fy-S  3  M  y2  ;=  Fy-S  2 

M  p3  :=  if  (Fy-Z  3<1.5.Fy  S  3,  Fy.Z  3, 1.5.Fy.S  3) 

M  p2  :=  if  (Fy-Z  2^1.5  Fy  S  2,  Fy-Z  2, 1.5  Fy-S  2) 


M  p3  =  85  kip -in 


Mp2  =  25.4  kip -in 


(a) :  l-shaped  members  and  channels 


3  -  3  AXIS 

300  r  2 

(eq.  LRFD  F1-4) 

p  •”  _ _ 

VFyf 

X,:=  ".IeGJA 
'  83^  2 

(eq.  LRFD  F1-8) 

2'  I2  \G-J/ 

(eq.  LRFD  F1-9) 

2  -  2  AXIS 
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M  ^  :=  F  L’S  3 


(eq.  LRFD  FI -7) 


'■2’Xl  I  2 


(eq.  LRFD  F1-6) 


nLTB  inelastic  •”  ^  b‘ 


•-  b3  - 


Mp3- (Mp3- Mr) 


(eq.  LRFD  F1-2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channeis 
3  -  3  AXIS 


2  -  2  AXIS 


M 


nLTB  elastic 


:=Ch- 


b2 


/  E  \  ^ 

E  l  o-G  J  +•  .  I  o  C,*, 

2  ^  y^q.  LRFD  FI-13) 


M  nLTB_elastic  ==  (M  nLTB_elastic-M  p3’  M  nLTB_elastic>  M  ps)  lrfd  fi-i2) 
M  nLTB_elastic  = 


Mn3  =='^(L  b2<‘-p,Mp3,0) 

M  n3  •-  '^[  (*-  p-*-  b2)  ■(*-  b2-*-  r)  >  M  nLTBJnelastic  M  n3] 


Mn2  ==Mp2 


M 


n3  •-  '^[  r-*-  b2)  >  M  nLTBJnelastic  >  M  n3] 

Mn3  =  75.4  kip -in 


Mn2  =  25.4  kip -in 


Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

^  flange  -  ^  pjiange 


M 


nFLB 


:=Ck- 


M 


p3  -  (M  p3  -  M  r) 


'  ^  rjiange  “  ^  pJIange  /  J 
M  nFLB  •-  '*[  flange^  ^  pjiange)  ‘  (M  nFLB<  M  p3) ,  M  nPLB  >  M  ps] 


(eq.  LRFDA-F1-3) 


M 


nWLB 


:=  C  h- 


M 


p3  -  (M  p3  -  M  r) 


^  web  -  ^  p_web 
rjweb  -  ^  p_web) 


(eq.  LRFD  A-F1-3) 
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nWLB  web^  ^  p_web) '  nWLB*^  ^  ps)  ’  ^  nWLB’  ^  ps] 

M  n3  :=  if  (M  ppLB^  n3’  nFLB  ’  ns) 
n3  •-  ('^  nWLB<  ^  03,  M  nWLB>  n3) 

Mn3  =  75.4  kipin 


INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 


Mnt  :=0 
B1  :=  1 


NOTE:  As  the  product  of  M  p^  BI  s  zero,  B1  was  set  to  1  for  simplicity. 


.3  -  3  AXIS 


2  -  2  AXIS 


M  n3  :=  M  3 


c3 


e2_3 


It3  ‘-b3 
r  3-7t  -v  E 


623:= 


3 

A-Fy 

7  2 
^c3 

1 


1 


1 


e2  3 


M  |^2  M  2 


c2 


'<lt2  ‘-b2 
rp  jt  E 


e2  2  - 


A  Fy 


B2  2  := 


^c2 

1 


1  - 


1 


e2  2 


B2  3=  1.29 


B2  2  =  4.43 


u3  •=  1>0,M  nt  +  M  h3,B1M  B23  M  113) 


M  ^J2  :=  if  (P  1>0,M  +  M  np.BI  M  nt -F  ^2  2  ^  112) 

My3=1.29  kip  in  M  ^,3  =  0  kip  in 
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Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1 .1 ,2  p.  6-59) 
let  C  =  combination  factor 

NOTE:  C  should  be  less  than  or  equal  to  1 .0 
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APPENDIX  B13 

Type  L  Cab  Corner  Mullion  at  the  Roof  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  rnember  axis  definitions  below 

TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  Corner  Mullion  @  roof 
ANALYSIS  RUN  :  L1 

APPLIED  LOADS  :  100%  NEHRP-97  + self  weight 
MAXIMUM  REACTIONS  : 

P  1  (+),  positive,  represents  tension  3  - ^3  ' 

P  (-),  negative,  represents  compression  ^ 


P  ^  :=  -4.9 

kips 

M  .|  ;=  -50  kip-in 

V  2  :=  9.9 

kips 

M  2  :=  -150  kip-in 

fO 

H 

CO 

> 

kips 

M  3  :=  266  kip-in 

the  1  axis  is  the 
longitudinal  axis  out 
of  the  page 

P2:=|  V2 

P3==|  V3 

1 

1 

M-|;=;M-|j  M2-—  jM2l 

M  3  :=  j  M  3 

ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  iaterai  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 

d  :=  7  in  k  ^{3  ;=  0.8 

t  uu  :=  0.5  in  k  ptp  •=  0.8  K  values  by  LRFD 

b  {1=4.0  in  k  |{3  :=  2.10 

t  { :=  1.0  in  k  |{2  1=  2.10 

,  .4  L  hp  •"  26.7  in 

J  1=  50  in  DJ 

L  {j2  1“  26.7  in 

MATERIAL  &  CODE  PROPERTIES 


E  ;=  29000  ksi 

Fy  :=  36  ksi 

<1,  b  :=  0.90 

^  1=  0.85 

G  ;=  11200  ksi 

Fu  :=  58  ksi 

((>  y  :=  0.90 

Cb:=  1.0 

Fr  ;=  10  ksi 

Fyf  :=  Fy 

<},  ty  :=  0.90 

F  L  :=  Fyf  -  Fr 

Fyw  ;=  Fy 

(j)  ^  :=  0.75 

CALCULATED  PROPERTIES 

A:=[bft{+(d-2.tf).t^].2 

A  =  13  in^ 


(b,-2.t„).(d-2.t| 


d-bf'  (b{-2.t^)^(d-2.t{) 
12  ”  12 


I  3  =  83.1  in'* 

I  2  =  26.1  in'* 

S  3  =  23.7  in^ 


in 


3 


82=  13 
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AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 


<t'P  nt  ==  e-^  A  e)  ><(’  ty*"y  A] 

(()P  n|  =  421  kips 


(eq.  LRFD  DM) 
(eq.  LRFD  D1-2) 


COMPRESSION  (LRFD  E,  p.  6-47) 


E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


,  190 

^  p_flange  — 

Vpy 


^  p_flange  “ 


1  -  238 

^  r_flange  — p=' 

VFy 


^  r_flange  “  29.7 


flange  •' 


2tf 


flange 


=  1.25 


^  flange  ^  pjiange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==|Pl 

Py:=FyA 


p_web 


[\<t>  b-f 


->0.125 


1,233- 

'^'■l233-' 

l  H-Py/-^. 
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p_web 


:=  if 


I  P 


u 


\ 

.<0.125  I , 


640 


2.75 -P 


<!>  b’Py  i  \  b’Py 


^  r  web  ’■  ~T= 


[  \'r  b  ■  y 
970 


1 


'  ^  pjweb 


1  -  0.74  •• 


Pu  \ 


^  p_web  -  ^  r_web  “ 

member  values 

h 


^  web 


^  web  ”  ^ 


^  web  ^  p_web 


w 


c  =  0.444 


/ 

Fjjr- 0.658  " -Fy,. 

i 
\ 


•Fy 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 


F  cr  =  33.1  ksi 

*I*P  nc  ■■  *1’  C'P  Cr'^  (eq.LRFD  E2-1) 

<t.Pn:=if(Pi<0,<l.Pnc.^Pnt)  «t)P  n  =  366  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  ki  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 


3  -  3  AXIS 

^  p3_initial  •"  3 


2  -  2  AXIS 
p2Jnitial  2 
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M 


n3  •"  '^[  (*-  r-*-  b2)  >  nLTB_inelastic>  ns] 


Mn3=  1089  kipin 
Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

^  flange  ”  ^  p_flange 


Mn2  =  603  kip -in 


nFLB  ==  ^  b- 


M 


p3-(Mp3-M,) 


M 


^  r_flange  “  ^  pjflange  /  J 

nFLB  '■  flange^  ^  p_flange) '  nFLB”^  ^  ps)  >  ^  nFLB  >  ^  ps] 

^  web  "  ^  p_web  \ 


(eq.  LRFDA-F1-3) 


nWLB  C  b- 


Mp3- (Mp3- M,} 


r_web  “  ^  p_web /  J 

M  nWLB  •"  web^  ^  p_web)  (M  nWLB^  M  p3(  ,  M  nWLB’  M  p3j 
M  n3  :=  if  (M  nFLB<  M  n3  >  M  nFLB  >  M  n3) 

M  n3  :=  if  (M  nWLB<  M  n3  >  M  nWLB  >  M  n3) 

M  p3  =  1089  kip  in 


(eq.  LRFDA-F1-3) 


INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  Cl ) 

M  nt  :=  0 
B1  :=  1 

NOTE:  As  the  product  of  M  ^t-BI  is  zero,  B1  was  set  to  1  for  simplicity. 


3  -  3  AXIS 

2  -  2  AXIS 

It3  ==  M  3 

M  ||2  1=  M  2 

,  ^  It3  '-  b3 

r3.1t  / 

1 

,  ^  \\2-^  b2 

X  c2  := 

r  2‘Tt 

p  A  Fy 

P  e2  3  -  2 

^c3 

p  A  Fy 

P  e2  2  -  2 

^c2 
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B2  o  := 


1  - 


B2  o  =  1 


B2  2  := 


e2_3 


1  - 


B22  =  1 


e2_2 


u3  ==  nt  113’^“'  nt  •*"  3  M  U3) 


Mlj3  =  266  kip  in 


M  u2  •=  if  (P  1  >  0 ,  M  nt  +  M  it2 ,  B1  -M  -1-  B2  2  M  ^2) 
M  y2  =  150  kip  in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  HI  .1 ,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1 .0 

P..:=i  P 


C:=  if 


1 


/  M  ^3  M  u2  \  ^  u 

■i - i. - + 


M 


u3 


M 


u2 


['l>Pn  'frPn  ^\‘l>b-'^n3  <l>  b'*^  n2/  2  (t)P  n  \'l>  b''^  n3  b  *^  n2/ 

(eq.  LRFD  H1-1a)  (eq.  LRFD  H1-1b) 

C  =  0.555  (including  strength  resistance  factors) 

P..  I 


Cl  :=  if 


->0.2,- 


0.85 


8  1 

■  +  —  \ 

9  ' 

u3  ^  ^  u2^ 

/My3  Mu2\ 

n3  ^  n2l 

n3  n2/ 

""  0.85 

Cl  =  0.499  (excluding  strength  resistance  factors) 
SHEAR  (LRFD  F2,  p.  6-56) 


3  -  3  AXIS 


2  -  2  AXIS 


X  :=. 


r1  :=. 


‘  w 
418 


i^Fyw  •'1  =  69.7 
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Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


r2  =  87.2 


VnS-  0.6  Fyf.Af 


n3  ‘t’  n3 
(()Vn3=156  kips 


<|)V  n2  :=  'l>  v  n2 
(|)V  n2  =  136  kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F  y  :=  0.6  (|)  yFy  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress: 


^  0  •"  f  ”  '  f)  ■  *  w) 


^  v3 

IX^Aq  2*A  f 

''-2-2.,, a/ 

2-A, 

f  y2  =  1.61  ksi 

fv2  =  1-99 

ksi 

^  v3 

=  0.083 

=  0.102 

Fv 

Fv 
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Bending  /  Axial  OCR  controls 

rci  1 


DCR  := 


^  v3 
fv2 


max  (DCR)  =  0.499 
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APPENDIX  B14 

Type  L  Channel  at  the  Top  of  Cab  Window  (C6  x  8.2)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


NOTES :  -This  Sheet  is  for  C-shaped  members 

-Note  member  axis  definitions  below  2 


TOWER  :  Type  L,  50  ft.  (Salinas,  CA) 

MEMBER  :  06x8.2 ;  channel  at  top  of  window 

strong  axis  bending  &  axial  force  only 

ANALYSIS  RUN  :  Li 

APPLIED  LOADS  :  100%  NEHRP-97  + self  weight 

MAXIMUM  REACTIONS  : 

P  (+),  positive,  represents  tension 
P  (-),  negative,  represents  compression 


P  .|  :=  -12.5  kips 

M  .|  :=  1  kip  in 

the  1  axis  is  the 

V2:=-9.4  kips 

M  2  :=  0  kip  in 

longitudinal  axis  out 

of  the  page 

V3:=-5.2  kips 

M  3  :=  -387  kip-in 

P2:=lV2i 

M  1  := 

M-||  M2  *=1^21  M2:=|M3| 

P  3  -  I  V  3  I 

ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 

A  :=  2.40  in^ 

d  ;=  6.00  in 

^  nt3  •=  ' 

Ae:=A 

1  3  :=  13.1 

k  :=  0  +  ii  in 

16 

t^:=0.20  in 

k  nj2  :=  1 

k  n3  :=  1.0 

K  values  by  LRFD 

Table  C-C2.1 

1  2  :=  0.693  in'* 

bf  :=  1.920  in 

k  |t2  :=  1.0 

83:=  4.38  in^ 

t  f  :=  0.343  in 

k  1  :=  1.0 

torsional  effective  length 
factor 

82:=  0.492  in^ 

X  Q  :=  0.511  in 

Lb3  :=  237 

in 

23:=  5.13  in^ 

e  Q  :=  0.599  in 

L  132  :=  12 

in 

23:=  0.993  in^ 

L  bi  :=  12 

in 

unbraced 
length  for 
torsion 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

(j)  :=  0.90 

(!)(,:=  0.85 

G  :=  11 200  ksi 

Fu  ;=  58  ksi 

(j)  y  :=  0.90 

0 

CT 

0 

Fr  :=  10  ksi 

F  L  :=  Fyf  -  Fr 

Fyf  :=  Fy 

Fyw  :=  Fy 

(j)  ty  :=  0.90 

4,  tf  :=  0.75 

C  b  is  conservatively 
taken  equal  to  1 .0 

flexural-torsional  properties  (pg  1-145) 


C^:=  4.72 

in6 

warping  constant 

J  :=  0.08 

in'* 

torsional  constant 

H  :=  0.824 

flexural  constant 

ro:=  2.65 

in 

polar  radius  of  gyration  about  shear  center 

CALCULATED  PROPERTIES 
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AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 


♦P  «[♦  „.Fu.A  ty  Fy.A,  (*  ^-Fu-A  3) ,  ♦  ,,.Fy.A] 


(t)P  =  77.8  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 
_  .  .  65 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


flange  ■“  ~ 


pJIange  •“  ~j= 

VFy 

^  p_flange  ^ 


flange 


^  rjiange  •“ . p==- 

^Fy  -  10 

^  r_flange  ~ 

^  flange  ^  p_flange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==iPl 

Pw:=Fy.A 


p_web 


rr/  Pu  \ 

>253 

191 

Pu  ^ 

,i5i 

[\H-Py  / 

^  \  b'P  yy 

\  'f'b-Py/ 

'^J 

p_web 


b’P 


y  / 


/^Fy  \  <!>  b'*^  y 


’  ^  p_web 


.  970  1.  Pu  \ 

^  r_web  ■■  -f=’\ ^  T  ^ 


^  p_web  “  ^  r_web  “ 

member  values 

^  utoK  •“  ^  u/aK  =  21.9 


^  web  ^  p_web 


X.  c 


.,/'<lt3  '-b3  '<lt2  ‘-b2  '<lt3  ‘-b3  [py  '<lt2  ‘-b2 

"  i  ^  9  ^ 

\  To  To  fq-K  rp-TT 


b2  Fy  (eq.LRFD  E2-4) 
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Xc=U4 


,  ^  r  0  877 

0-658  "  •Fy,_.Fy 


(eq.LRFD  E2-2) 


(eq.LRFD  E2-3) 


crFB 


=  20.9 


ksi 


CHECK  FLEXURAL-TORSIONAL  BUCKLING 
F 


ey  • 


bs'l 

\  'S  / 


y  represents  axis  of  symmetry 


ez 


7t  E  C 


w 


kl-Lbl)' 


+  GJ 


Ar, 


P  F  ey  +  F  ez 
— Th  ■ 


A  e 


1  - 


ey-F  ez*^ 
(F  ey  +  F  ez) 


/ 


0.877 


\ 


FcrTB-'^i^c^l-5. 0-658  .Fy,:Li:_  Fy 

\  , 

^  cr  ==  crTB<  ^  crFB  -  ^  crTB » ^  crFs) 
<I>P  nc  ==  ^  Cr'A  (eq.LRFD  E2-1) 

(|)P  n  :=  if  (P  1  <  0 ,  (j)P  ,  (|)P  pi) 


(t)P  P  =  42.7  kips 
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BEAM  CHECK  (ch.  F.  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckiing 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 


3  -  3  AXIS 

^  p3Jnitial 3 


2  -  2  AXIS 
p2Jnitial  ==  2 


M  y3  :=  Fy  S  3  y2  ®  2 

M  p3  :=  if  (Fy  Z  3<1.5  Fy.S  3,  Fy  Z  3.  l.S-Fy-S  3) 

M  p2  :=  if  (Fy  Z  2^1.5  Fy  S  3.  Fy  Z  2>  1.5  Fy  S  2 

Mp3  =  185  kip  in  M  p2  =  26.6  kip  in 


(a) :  l-shaped  members  and  channels 


3  -  3  AXIS 

300  *r  p 

Lp:=  r— 

(eq.  LRFD  F1-4) 

y  rr  Je  G-J  A 

S34  2 

(eq.  LRFD  F1-8) 

X  -  4.^^ 

(eq.  LRFD  F1-9) 

M  ,.  :=  F  L'S  3 

(eq.  LRFD  F1-7) 

2  -  2  AXIS 


'2X1  - 2 

'-r==^vJl+Jl-HX2FL" 


M 


Fl 

nLTBJnelastic ^  b' 


(eq.  LRFD  F1-6) 


^  b3  ^  p^ 


Mp3-(Mp3-M,)U^ 


(eq.  LRFD  F1-2) 
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2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channels 
3  -  3  AXIS 


2  -  2  AXIS 


M 


nLTB  elastic 


:=Ch-- 


b2 


\'-b2j  '  ^  ‘-RFD  FI-13) 


E-l  2*^'^  +  ( - i 


M  nLTB_eiastic  ==  nLTB_eiastic-'^  p3’  ^  nLTB_elastiC’  ps)  ‘-f’™  fi-i2) 


M  n2  :=  M  p2 


nLTB_elastic  = 

Mn3:=if(Lb2<Lp.Mp3,0) 

^  n3  ==  '^[  (•-  p-*-  b2)  C-  b2-'-  r)  >  nLTBJnelastic-  n3] 

n3  '■  '^[  (*-  r-'-  b2)  >  nLTBJnelastic  n3] 

Mn3=185  kip  in  M  ^2  =  26.6  kip  in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

^  flange  ~  ^  pjiange 


M 


nFLB 


:=  Ck- 


“p3-(Mp3-“r) 


r_flange  ”  ^  p_flange/ 
nFLB  •“  '^[  flange^  ^  p_flange) '  nFLB*^  ps)  ’  ^  nFLB  >  ^  p3] 


(eq.  LRFD  A-F1-3) 


^  nWLB  '=  ^  b' 


Mp3-(Mp3-Mr)  ! 


I  ^  web  ~  ^  p_web 


r_web  ”  ^  p_web  / 

^  nWLB  •"  i^[  web^  ^  p_web)  nWLB'^  ^  p3) » ^  nWLB’  ^  p3] 


(eq.  LRFD  A-F1-3) 


M 


n3  •=  nFLB< ^  n3,  M  nFLB  -  n3) 


n3  ■=  nWLB<  ^  n3>  nWLB  -  n3 


kip  in 
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Mn3=185 
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INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 

Mnt:= 
B1  ;=  1 


NOTE:  As  the  product  of  M  is  zero,  B1  was  set  to  1  for  simplicity. 


3  -  3  AXIS 


2  -  2  AXIS 


It3  3 


M  u2  M  2 


c2  - 


It2‘-b2 
X2n  N  E 


e2_2  - 


A  Fy 


c2 


B23:= 


I  - 


!Pi! 

Pe2  3 


B2  2  •■= 


1  - 


|P1 


e2_2 


B2  3  =  1.23 


B2  2  =  1.01 


u3  ■=  '^(P  nt  +  113’®''  '^  nt  3  M  H3) 

^  u2  (P  1  ^  ®  >  *^  nt  ^  Il2  >  nt  2'^  It2) 
M  u3  =  476  kip-in  M  ^2  =  0  kip  in 

Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1 .1 ,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1 .0 

Pu==|Pl| 


’’“>02 

/  M  u3  M  u2  ^ 

P 

/  M  u3  M  jj2  \ 

-l_ 

.<t>Pn  ’<t>Pn 

b-*^  n3  ^  b'l^  n2/  2-(|)P  n 

1 

^'I»b-'^n3  ^b-^n2l 

(eq.  LRFD  H1-1a) 


(eq.  LRFDHMb) 
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C  =  2.84  (including  strength  resistance  factors) 


C1  :=  if 


8  /*^u3  u2\  u  /*^u3  ^  u2 


_ :i>0.2, _ — -h  — 

<l>Pn  ’  n  ^^>^03  '^n2/  ’2'f’^n  1*^03  '''' n2 


0.85 


0.85 


C1  =  2.54  (excluding  strength  resistance  factors) 
SHEAR  (LRFD  F2,  p.  6-56) 

3  -  3  AXIS 


X  := 


t 


r1  := 


2  -  2  AXIS 

w 

418 


-^Fyw 

r1  =  69.7 

Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 

523 

r2:=  ^ 

r2  =  87.2 

Vn3  ;=  0.6.Fyf.Af 


Vn2  :=if(x<r1,0.6  Fyw  Aw,0 


V  ,2  :=  if 


V  n2  i=  if 


418 


[r1  <^)-(X<r2),0.6  Fyw  A^  J^,V  ^2 


\f  w 


r2<>.,- 


132000- A 


w 


n2 


'  w/ 


V  p3  =  28.4  kips  V  n2  =  25.9  kips 

'I’V  n3  ==  •I’  n3  '1*'^  n2  't'  v  n2 

(()V  p3  =  25.6  kips  (t)V  p2  =  23.3  kips 
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Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 


F  y  ;=  0.6  (t)  y-Fy 

Combined  Shear  and  Torsion  stress: 


f 


v3  - 


1  ^  2  {®  0  ^  o) 


AU 
<  — 


f  ^3  =  6.84  ksi 


{eq.  LRFD  H2-2) 


f  ^2  =  7.83  ksi 


0.352 


—  =  0.403 

Fv 


DEMAND  CAPACITY  RATIO  fPCR) 
C1 
^  v3 

f  v2 


OCR  := 


max  (OCR)  =  2.54 


USACERLTR  99/04 


APPENDIX  B1 5 

Type  L  Upgrade  Structural  Tubing  (TS  20  x  4  x  1/2)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  member  axis  definitions  below 

TOWER  :  Type  L.  30  ft.  (San  Carlos,  CA) 

MEMBER  :  Corner  Mullion  @  roof  2 

ANALYSIS  RUN  :  L12 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  1  (+),  positive,  represents  tension  3  - ^3 

P  (-),  negative,  represents  compression 


^  :=  - 14.6 

kips 

M  .|  :=  125  kip  in 

o 

n 

CVJ 

kips 

M  2  !=  68  kip  in 

the  1  axis  is  the 

GO 

csi 

II 

CO 

kips 

M  3  ;=  2423  kip  in 

longitudinai  axis  out 
of  the  page 

CM 

> 

ll_ 

CM 

3  =-  2^  3 

Mi:=|Mi| 

M2"~|M2| 

ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 
d  :=  20  in  k  ^^3  :=  1.0 


t  w  :=  0.5 

b  f  :=  4.0 

t  f  :=  0.5 

J  :=  205.0 

in 

in 

in 

in^ 

k  n^2  LO 

k  1(3  :=  1.0 

k  U2  :=  1.0 

L  b3  :=  24.0  in 

L  1^2  ■=  24.0  in 

K  values  by  LRFD 

Table  C-C2.1 

MATERIAL  &  CODE  PROPERTIES 

• 

E  :=  29000  ksi 

Fy  :=  36  ksi 

<!>  b  :=  0.90 

4)  g  :=  0.85 

G  ;=  11200  ksi 

Fu  :=  58  ksi 

41  y  ;=  0.90 

Cb-1.0 

Fr  ;=  10 

ksi 

Fyf  :=  Fy 

4)  ty  ;=  0.90 

This  value  of  Cb*1  is 

conservatively  taken 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

4>  tf  ;■  0.75 

CALCULATED  PROPERTIES 

A  :=  22.4 

In^ 

83:=  88.9 

in'* 

A  w  w 

Ae:=A 

S  2  :=  30.8 

in" 

A  ( :=  2.b  (.f  ( 

1 3  :=  889 

in^ 

23:=  123 

in" 

h;=d-3.tf 

I2-  61.6 

in^ 

Z2'=  36.0 

in"  ■ 

b  :=  bf-  3.tyy 

r3  :=  6.31 

in 

r2  :=  1.66 

in 

AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

<|.P  ^  :=  if[(|)  t^  Fu  A  e<c|)  ty-Fy-A,  t,  Fu  A  g)  ,4'  ty  ^V  A] 
<t)P  Pi  =  726  kips 


(eq.  LRFD  DM)  • 
{eq.  LRFD  D1-2) 
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COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 


Flanges  of  l-shaped 
rolled  beams  and 

1  - 

^  pjiange  •“  ~t= 

VFy 

,  238 

^  r  flange  — p= 

VFy 

channels  in  flexure 
(for  b/t  ratio) 

^  pJIange  =  31-7 

^  rjiange 

b 

flange  •“ 

^  flange  =  ^ 

^  flange  ^  pjllange 

Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==|Pl 

p  y  :=  Fy-A 


p_web 


:=  if 


\*  b'P  y 


->0.125  • 


191 


■!2.33- 


U  \  ^  253  191 


U  253 


H-Py/'  \  H-Py/^J 


p_web 


:=  if 


[\'t*  b-Py  I  4^  \  b'Py 


^  p_web 


970  ! 


r  web  •“ 


/ 

1  _  0.74- 


\ 


4^  \  ^  b-P  y/ 


^  p_web  “  ^  r_web  “ 

member  values 


web 


web 


=  37 


w 


^  web  ^  pjweb 


A,  c  •"  if 


Its  *-  b3^  ^  It2  '-  b2  ^  Its  L  b3  Fy  ^  It2  '-  b2  /Fy ' 

- > - , - •  - 

r  3  r2  r  3-11  ^  t  r2-jc 


(eq.LRFD  E2-4) 


Xq  =  0.162 


Fcr:=if 


0.877 


a.c^i-5,0.658  "  .Fy,::::i:i  Fy 


(eq.LRFD  E2-2) 


F  Qp  =  35.6  ksi 


(eq.LRFD  E2-3) 
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(t)P  PC  •=  <t>  Cr*A  (eq.LRFD  E2-1) 

4,Pn:=if(Pi<0,^Pnc,<l'Pnt)  <!>P  n  =  678  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3  -  3  AXIS  2  -  2  AXIS 

p3Jnitial 3  ^  p2Jnitial 2 


M  y3  :=  Fy  S  3  M  y2  :=  Fy  S  2 

M  p3  :=  if  (Fy  Z  3<1.5.Fy  S  3,Fy.Z  3,  l.S-Fy-S  3) 

M  p2  :=  if  (Fy  Z  2<1.5  Fy.S  2,  Fy  Z  2,  l.S  Fy  S  2) 

M  p3  =  4428  kip  in  M  p2  =  1296  kip-in 

(a) :  rectangular  bars  and  box  sections 

3  -  3  AXIS  2  •  2  AXIS 


3750-r2 

M,l=Fyf.S3 


(eq.  LRFD  F1-5) 


L 


57000 -r- 

i 

M, 


(eq.  LRFD  FI -10) 


^  nLTBJnelastic  ^  b’ 


Mp3-(M  p3-Mr 


(eq.  LRFD  FI -2) 


nLTBJnelastic  = 
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2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 


(a) :  l-shaped  members  and  channels 

3  -  a  AXIS  2  -  2  AXIS 

57000  C  b 

M  nLTB  elastic  == - r, - ^ 

/‘-b2\ 

l^2i 

M  nLTB_elastic  ==  nLTB_elastic-''^  pS’^^  nLTB_elastic’M  ps) 

nLTB_elastic  =  "^28  kip -in 

n3  ■"  (*-  b2‘^  I-  p>  p3’  ®) 

n3  ==  '^[  (■-  p-L  b2)  •  (•-  b2-L  r)  >  ^  nLTBJnelastic  ns] 

^  n3  •“  '^[  (*-  r-*-  b2)  >  nLTBJnelastiC’  ^  n3] 


(eq.  LRFDF1-12) 


M  n2  :=  M  p2 


M  p3  =  4428  kip  in 


Mn2  =  1296  kip  in 


Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

^  flange  “  ^  pjiange  \ 


M 


nFLB 


:=Ch- 


Mp3-(Mp3-M,); 


^  r_flange  “  ^  p_flange  j 
nFLB  ’■  '^[  flange^  ^  p_flange)  ’(^  nFLB^  ^  p3)  >  nFLB»  ^  p3] 


(eq.  LRFD  A-F1-3) 


M  nWLB  ==  C  b- 


Mp3-(Mp3-M,) 


I  ^  web  “  ^  p_web 


r_web  “  ^  p_web/ 
nWLB  •“  '^[  web^  ^  p_web)  ’  nWLB^  ^  p3)  •  ^  nWLB  >  ^  ps] 

^  n3  ==  nFLB< n3> nFLB* n3) 

M  n3  ;=  if  (M  nWLB< ^  nS* nWLB* ns) 

Mn3  =  4428  kip  in 


(eq.  LRFD  A-F1-3) 
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INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  Cl) 

M  :=  0 

B1  :=  1 


NOTE:  As  the  product  of  M  p^  B1  s  zero,  B1  was  set  to  1  for  simplicity. 


3  -  3  AXIS 
^  Its  ■=  3 


c3 


^  It3  ‘-b3 

r  q-7C  ^  E 


e2_3  - 


A  Fy 


^c3 


B2  q  := . 


1 


e2_3 


B2q=  1 


2  -  2  AXIS 


M  IJ2  :=  M  2 


c2 


_  kn2-Lb2 
r  on  ^  E 


e2_2 


B2  2  := 


2- 

A  Fy 

.  2 

^  c2 

1 


1 


1 


e2_2 


B2q=  1 


u3  ■=  nt  It3>  nt  +  ^2  3-M  H3) 

M  u2  :=  if  (P  1>0.  M  nt  +  It2’  B"*  nt  +  2-M  H2) 

M  u3  =  2423  kip-in  M  (j2  =  68  kip-in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1 .1 ,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1 .0 

Pu==|Pl| 

^  -J  ^  U  P  u  8  /  u3  M  u2  \  P  u  /  u3  1^02^ 
C  !—  if  - ^0.2,  -f-  — •  I  . .  +•  ^  ,  '■  “I”  — — — -f-  — 

<t>P  n  'l»P  n  ^  b'f^  n3  ^  b’*^  n2/  2-<|)P  n  b'*^  n3  ^  b'*'^  n2/ 

(eq.  LRFDHMa)  (eq.  LRFD  HI -1b) 

C  =  0.677  (including  strength  resistance  factors) 
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Cl  :=  if 


•  >0.2, 


Pu  '^u2\  (^u3  '^u2\ 


'l>P  n  ’  't'P  n  ^  ^  n3  n2/  n  n3  n2 
0.85  0.85 

Cl  =  0.609  (excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2,  p.  6-56) 
3  -  3  AXIS 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


Vn3  :=  0.6.Fyf.A, 


't>V  n3  ==  ^  v'^  n3 
4>V  n3  =  78 


kips 


2  -  2  AXIS 


X  := 


r1  ;= 


r2  ;= 


h 

418 

-yFyw 

r1  =  69.7 

523 

r2  =  87.2 

^Fyw 

V  n2  :=  if  (A,5r1 ,0.6-Fyw-A  ^,0^ 


V  ,2  :=  it 


V  n2  :=  it 


418 


( r1  <X, )  •(  X  <r2 ) ,  0.6  Fyw  A  w  t^  >  V  n2 


•  w/ 


r2<X,- 


132000  A 


w 


I— V 

\t  w/ 


<|>V  n2  :=  «!>  n2 

•(•V  n2  =  389  kips 


n2 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F^-.=  0.6.^  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress: 

Aq- (bf-tf).(d-tw) 
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^  v3 


Mj  ^ 

2-tfAQ  Af 


M  ^  P  2 

2tfAQ 


f  y3  =  2.53  ksi 


f  y2  =  6-92  ksi 


v3 


=  0.13 


—  =  0.356 

Fv 


DEMAND  CAPACITY  RATIO  fPCR) 

C1 
^v3 

f  v2 


DCR  := 


max(  DCR)  =  0.609 
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APPENDIX  C 

Member  Properties  and  Loads,  for  San  Luis  Obispo  ATCT 


Member  Name 

Description 

Member  Length 

Weight  per  Length 

Mass  Per  Length 

(in.) 

(k/in.) 

(k-s2/in2) 

Intermediate  2 

1214 

W16X40 

45,25 

0.02740 

0.00007091 

1220 

W16X40 

45.25 

0.02740 

0.00007091 

1221 

W14X34 

84.00 

0.02740 

0.00007091 

1222 

W14X34 

6.50 

0.02740 

0.00007091 

1223 

W14X34 

50.00 

0.01770 

0.00004580 

1224 

W14X34 

90.50 

0.01770 

0.00004580 

1219 

W16X45 

60.00 

0.01770 

0.00004580 

1216 

W16X45 

6.00 

0.01770 

0.00004580 

1213 

W16X45 

79.50 

0.01770 

0.00004580 

1207 

W16X45 

85.50 

0.00933 

0.00002414 

1204 

W16X40 

90.50 

0.00933 

0.00002414 

1203 

W16X40 

50.00 

0.00933 

0.00002414 

1205 

W16X40 

45.25 

0.01903 

0.00004925 

1208 

W16X40 

22.63 

0.01903 

0.00004925 

1210 

W16X40 

22.63 

0.01903 

0.00004925 

1211 

W16X40 

50.00 

0.01903 

0.00004925 

1201 

W16X40 

84.00 

0.01903 

0.00004925 

1202 

W16X40 

6.50 

0.01903 

0.00004925 

1206 

W12X30 

82.50 

0.02572 

0.00006658 

!209 

W12X30 

115.50 

0.02572 

0.00006658 

1212 

W12X30 

82.50 

0.02572 

0.00006658 

1215 

Cl  2X20.7 

90.50 

0.02572 

0.00006658 

1217 

W12X30 

115.50 

0.02572 

0.00006658 

1218 

W12X30 

66.00 

0.02572 

0.00006658 

intermediate  3 

1314 

W16X40 

45.25 

0.02694 

0.00006971 

1319 

W16X40 

45.25 

0.02694 

0.00006971 

1320 

W14X34 

84.00 

0.02694 

0.00006971 

1321 

W14X34 

6.50 

0.02694 

0.00006971 

1322 

W14X34 

50.00 

0.01742 

0.00004508 

1323 

W14X34 

90.50 

0.01742 

0.00004508 

1318 

W16X45 

66.00 

0.01742 

0.00004508 

1313 

W16X45 

24.50 

0.01742 

0.00004508 

1311 

W16X45 

50.00 

0.01742 

0.00004508 

1307 

W16X45 

90.50 

0.00921 

0.00002383 

1303 

W16X40 

50.00 

0.00921 

0.00002383 

1304 

W16X40 

90.50 

0.00921 

0.00002383 

1305 

W16X40 

45.25 

0.01873 

0.00004847 

1309 

W16X40 

45.25 

0.01873 

0.00004847 

1310 

W16X40 

50.00 

0.01873 

0.00004847 

1301 

W16X40 

84.00 

0.01873 

0.00004847 

1302 

W16X40 

6.50 

0.01873 

0.00004847 

1306 

W12X30 

82.50 

0.02524 

0.00006532 

1308 

W12X30 

115.50 

0.02524 

0.00006532 

1312 

W12X30 

82.50 

0.02524 

0.00006532 

1315 

Cl  2X20.7 

90.50 

0.02524 

0.00006532 

1316 

W12X30 

115.50 

0.02524 

0.00006532 

1317 

W12X30 

66.00 

0.02524 

0.00006532 

Junction 

J516 

W16X40 

11.00 

0.03216 

0.00008323 

J519 

W16X40 

39.75 

0.03216 

0.00008323 

J523 

W16X40 

39.75 

0.03216 

0.00008323 

J524 

W14X34 

71.88 

0.03216 

0.00008323 
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J525 

W14X34 

12.13 

0.03216 

0.00008323 

J526 

W14X34 

6.50 

0.03216 

0.00008323 

J527 

W14X34 

50.00 

0.02094 

0.00005420 

J528 

W14X34 

6.50 

0.02094 

0.00005420 

J529 

W14X34 

84.00 

0.02094 

0.00005420 

J522 

W16X45 

66.00 

0.02094 

0.00005420 

J517 

W16X45 

24.50 

0.02094 

0.00005420 

J514 

W16X45 

50.00 

0,02094 

0.00005420 

J511 

W16X45 

45.25 

0.01127 

0.00002917 

J507 

W16X45 

45.25 

0.01127 

0.00002917 

J503 

W16X40 

50.00 

0.01127 

0.00002917 

J504 

W16X40 

6.50 

0.01127 

0.00002917 

J505 

W16X40 

84.00 

0.01127 

0.00002917 

J501 

W16X40 

84.00 

0.02249 

0.00005820 

J502 

W16X40 

6.50 

0.02249 

0.00005820 

J506 

W16X40 

43.81 

0.02249 

0.00005820 

J510 

W16X40 

43.81 

0.02249 

0.00005820 

J512 

W16X40 

2.88 

0.02249 

0.00005820 

J513 

W16X40 

50.00 

0.02249 

0.00005820 

J508 

W12X30 

82.50 

0.02974 

0.00007696 

J509 

W12X30 

115.50 

0.02974 

0.00007696 

J515 

W12X30 

82.50 

0.02974 

0.00007696 

J518 

C1 2X20.7 

90.50 

0.02974 

0.00007696 

J520 

W12X30 

115.50 

0.02974 

0.00007696 

J521 

W12X30 

66.00 

0.02974 

0.00007696 

Cab  Access 

CA701 

W18X40 

75.75 

0.01415 

0.00003662 

CA702 

W18X40 

75.75 

0.01415 

0.00003662 

CA703 

W8X10 

29.25 

0.01415 

0.00003662 

CA704 

W18X40 

13.50 

0.01415 

0.00003662 

CA705 

W10X26 

84.00 

0.01415 

0.00003662 

CA706 

W10X12 

8.97 

0.01415 

0.00003662 

CA707 

W10X26 

91.79 

0.01415 

0.00003662 

CA708 

W18X40 

66.00 

0.01415 

.0.00003662 

CA709 

W10X26 

57.03 

0.01415 

0.00003662 

CA710 

W8X10 

75.13 

0.01415 

0.00003662 

CA711 

W10X26 

31.07 

0.01415 

0.00003662 

CA712 

W10X26 

52.93 

0.01415 

0.00003662 

Top  of  Shaft 

TS828 

W16X40 

73.94 

0.03313 

0.00008573 

TS832 

W16X77 

71.88 

0.03313 

0.00008573 

TS833 

W16X77 

43.63 

0.03313 

0.00008573 

TS834 

W16X77 

31.50 

0.02508 

0.00006490 

TS835 

W16X77 

10.06 

0.02508 

0.00006490 

TS836 

W16X77 

73.94 

0.02508 

0.00006490 

TS829 

W16X40 

66.00 

0.02508 

0.00006490 

TS824 

W16X40 

7.94 

0.02508 

0.00006490 

TS810 

W16X40 

73.93 

0.01667 

0.00004313 

TS814 

W16X40 

16,56 

0.01667 

0,00004313 

TS816 

W16X40 

50.00 

0.01667 

0.00004313 

TS819 

W16X40 

16.56 

0.01667 

0.00004313  * 

TS804 

W16X77 

31.50 

0.01667 

0.00004313 

TS805 

W16X77 

10.06 

0.01667 

0.00004313 

TS806 

W16X77 

73.94 

0.01667 

0.00004313 

TS801 

W16X77 

73.94 

0.02472 

0.00006397 

TS802 

W16X77 

16.56 

0.02472 

0.00006397 

TS803 

W16X77 

25.00 

0.02472 

0.00006397 

TS809 

W16X40 

73.94 

0.02472 

0.00006397 

TS813 

W16X40 

13.69 

0.02472 

0.00006397 

TS817  ' 

W16X40 

63.88 

0.02472 

0.00006397 

TS823 

W16X40 

5,56 

0.02472 

0.00006397 

TS807 

W8X35 

82.02 

0.01025 

0.00002654 

TS808 

W10X26 

82.02 

0.01025 

0.00002654 

TS811 

W8X35 

22.54 

0.01025 

0.00002654 
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TS812 

W10X26 

22.54 

0.01025 

0.00002654 

TS815 

W10X26 

56.00 

0.01025 

0.00002654 

TS818 

W10X26 

39.00 

0.01025 

0.00002654 

TS820 

W14X34 

53.56 

0.01025 

0.00002654 

TS821 

W14X34 

64.19 

0.01025 

0.00002654 

TS822 

W14X34 

29.25 

0.01025 

0.00002654 

TS825 

W10X26 

20.00 

0.01025 

0.00002654 

TS826 

W10X26 

22.54 

0.01025 

0.00002654 

TS827 

W10X26 

22.54 

0.01025 

0.00002654 

TS830 

W10X26 

82.02 

0.01025 

0.00002654 

TS831 

W10X26 

82.02 

0.01025 

0.00002654 

Cab  Floor 

CF916 

W10X26 

42.69 

0.01477 

0.00003822 

CF920 

W10X26 

21.50 

0.01477 

0.00003822 

CF923 

W10X26 

57.61 

0.01477 

0.00003822 

CF926 

W10X26 

57.61 

0.01477 

0.00003822 

CF907 

W10X26 

8.13 

0.00772 

0.00001998 

CF912 

W10X26 

42.69 

0.00772 

0.00001998 

CF902 

W10X26 

57.61 

0.00772 

0.00001998 

CF905 

W10X26 

57.61 

0.00772 

0.00001998 

CF904 

W10X26 

57.61 

0.01715 

0.00004439 

CF901 

W10X26 

57.61 

0.01715 

0.00004439 

CF913 

W10X26 

47.88 

0.01715 

0.00004439 

CF906 

W10X26 

8.13 

0.01715 

0.00004439 

CF925 

W10X26 

57.61 

0.02420 

0.00006263 

CF922 

W10X26 

57.61 

0.02420 

0.00006263 

CF921 

W10X26 

20.00 

0.02420 

0.00006263 

CF903 

W14X34 

66.13 

0.01062 

0.00002749 

CF908 

W10X26 

37.63 

0.01062 

0.00002749 

CF909 

W10X26 

61.94 

0.01062 

0.00002749 

CF910 

W10X26 

49.78 

0.01062 

0.00002749 

CF911 

W10X26 

49.78 

0.01062 

0.00002749 

CF914 

W10X26 

85.38 

0.01062 

0.00002749 

CF915 

W14X34 

85.38 

0.01062 

0.00002749 

CF917 

W10X26 

61.94 

0.01062 

0.00002749 

CF918 

W8X40 

49.78 

0.01062 

0.00002749 

CF919 

W8X40 

49.78 

0.01062 

0.00002749 

CF924 

W14X34 

79.50 

0.01062 

0.00002749 

Bottom  Window 

BW1003 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1001 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1002 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1004 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1006 

TS7X7X3/16 

57.50 

0.00784 

0.00002029 

BW1008 

TS7X7X3/16 

57.50 

0.00784 

0.00002029 

BW1010 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1012 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1011 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1009 

TS7X7X3/16 

57.61 

0.00784 

0.00002029 

BW1007 

TS7X7X3/16 

57.50 

0.00784 

0.00002029 

BW1005 

TS7X7X3/16 

57.50 

0.00784 

0.00002029 

Tod  Window 

TW1103 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1101 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1102 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1104 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1106 

TS7X7X3/16 

72.38 

0.00333 

0.00000861 

TW1108 

TS7X7X3/16 

72.38 

0.00333 

0.00000861 

TW1110 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1112  • 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1111 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1109 

TS7X7X3/16 

72.35 

0.00333 

0.00000861 

TW1107 

TS7X7X3/16 

72.38 

0.00333 

0.00000861 

TW1105 

TS7X7X3/16 

72.38 

0.00333 

0.00000861 
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Cab  Roof 


CR1232 

W10X12 

72.35 

0.00597 

0.00001545 

CR1235 

W10X12 

72.35 

0.00597 

0.00001545 

CR1223 

W10X12 

36.19 

0.00597 

0.00001545 

CR1226 

W10X12 

36.19 

0.00597 

0.00001545 

CR1210 

W10X12 

36.19 

0.00363 

0.00000940 

CR1213 

W10X12 

36.19 

0.00363 

0.00000940 

CR1202 

W10X12 

72.35 

0.00363 

0.00000940 

CR1205 

W10X12 

72.35 

0.00363 

0.00000940 

CR1204 

W10X12 

72.35 

0.00649 

0.00001679 

CR1201 

W10X12 

72.35 

0.00649 

0.00001679 

CR1211 

W10X12 

54.50 

0.00649 

0.00001679 

CR1234 

W10X12 

72.35 

0.00882 

0.00002284 

CR1231 

W10X12 

72.35 

0.00882 

0.00002284 

CR1224 

W10X12 

54.50 

0.00882 

0.00002284 

CR1217 

W10X12 

34.75 

0.00882 

0.00002284 

CR1203 

W14X30 

72.38 

0.00336 

0.00000870 

CR1206 

W10X12 

62.66 

0.00336 

0.00000870 

CR1207 

W10X12 

62.66 

0.00336 

0.00000870 

CR1208 

W10X12 

62.66 

0.00336 

0.00000870 

CR1209 

W10X12 

62.66 

0.00336 

0.00000870 

CR1212 

W14X30 

54.50 

0.00336 

0.00000870 

CR1214 

W10X12 

62.66 

0.00336 

0.00000870 

CR1215 

W10X12 

62.66 

0.00336 

0.00000870 

CR1216 

W14X30 

17.88 

0.00336 

0.00000870 

CR1218 

W10X12 

62.66 

0.00336 

0.00000870 

CR1219 

W10X12 

62.66 

0.00336 

0.00000870 

CR1220 

W14X30 

17.88 

0.00336 

0.00000870 

CR1221 

W10X12 

62.66 

0.00336 

0.00000870 

CR1222 

W10X12 

62.66 

0.00336 

0.00000870 

CR1225 

W14X30 

54.50 

0.00336 

0.00000870 

CR1227 

W10X12 

62.66 

0.00336 

0.00000870 

CR1228 

W10X12 

62.66 

0.00336 

0.00000870 

CR1229 

W10X12 

62.66 

0.00336 

0.00000870 

CR1230 

W10X12 

62.66 

0.00336 

0.00000870 

CR1233 

W14X30 

72.38 

0.00336 

0.00000870 

Parapet 

PPT1303 

TS7X7X3/16 

72.35 

0.00075 

0,00000194 

PPT1301 

TS7X7X3/16 

72.35 

0.00075 

0.00000194 

PPT1302 

TS7X7X3/16 

72.35 

0.00075 

0.00000194 

PPT1304 

TS7X7X3/16 

72.35 

0.00075 

0.00000194 

PPT1306 

TS7X7X3/16 

72.38 

0.00075 

0.00000194 

PPT1308 

TS7X7X3/16 

72.38 

0.00075 

0.00000194 

PPT1310 

TS7X7X3/16 

72.35 

0.00075 

0.00000194 

PPT1312 

TS7X7X3/16 

72.35 

0.00075 

0.00000194 

PPT1311 

TS7X7X3/16 

72.35 

0.00075 

0.00000194 

PPT1309 

TS7X7X3/16 

72.35 

0.00075 

0.00000194 

PPT1307 

TS7X7X3/16 

72.38 

0.00075 

0.00000194 

PPT1305 

TS7X7X3/16 

72.38 

0.00075 

0.00000194 

Intermediate  Level  2 

Summary: 

Eccentrically  Distributed  Loads: 

Weight  from  additional  members  = 

374 

lb. 

Concrete  Deck  = 

11567 

lb. 

Interior  Walls  = 

8200 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Stairs  = 

4282 

lb. 

Mech  &  Elect  = 

1334 

lb.  (5  psf  over  floor  area) 

Misc  = 

2669 

lb.  (1 0  psf  over  floor  area) 

■  Sub-total : 

28426 

lb. 

Distribution  to  exterior  beams: 

14213 

lb. 

Distribution  to  interior  beams: 

14213 

lb. 

Total  length  of  exterior  beams: 

77.00 

ft. 
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Total  length  of  Interior  beams:  46.04  ft. 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls:  2755  lb.  (1/3  floor  below  +  2/3  floor  above) 

Eccentricity  Factors:  (Refer  to  calculations  for  locations  of  sections) 

section  A-C  =  1 .5874  section  C-E  =  0.9566 

section  E-G  ^  0.4126  section  G-A  =  1 .0434 


Intermediate  Level  2  Interior  Beams: 

Member  Name 

Section 

Length 

(in.) 

Additional  Load 
(lb./ft.) 

Additional  Load 
(krin) 

1206 

W12X30 

82.50 

308.70 

0.025725 

1209 

W12X30 

115.50 

308.70 

0.025725 

1212 

W12X30 

82.50 

308.70 

0.025725 

1215 

Cl  2X20.7 

90.50 

308.70 

0.025725 

1217 

W12X30 

115.50 

308.70 

0.025725 

1218 

W12X30 

66.00 

308.70 

0.025725 

Total  self  weight  of  beams:  4371 .86  lb. 


Intermediate  Level  3 

Summary: 

Eccentrically  Distributed  Loads: 

Weight  from  additional  members  = 

374 

lb. 

Concrete  Deck  = 

11567 

lb. 

Interior  Walls  = 

7663 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Stairs  = 

4282 

lb. 

Mech  &  Elect  = 

1334 

lb.  (5  psf  over  floor  area) 

Misc  = _ 

2669 

lb.  (1 0  psf  over  floor  area) 

Sub-total : 

27889 

lb. 

Distribution  to  exterior  beams:  13944 

Distribution  to  interior  beams:  1 3944 

Total  length  of  exterior  beams:  77.00 

Total  length  of  interior  beams:  46.04 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls:  2755 


Eccentricity  Factors: 

section  A-C  =  1 .5874 
section  E-G  =  0.4126 


lb. 

lb. 

ft. 

ft. 


lb.  (1/3  floor  below  +  2/3  floor  above) 

(Refer  to  calculations  for  locations  of  sections) 
section  C-E  =  0.9566 
section  G-A  =  1 .0434 
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Intermediate  Level  3  Exterior  Beams: 


Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

Section 

(in.) 

(Ib./ft.) 

(k/ln) 

1314 

W16X40 

45.25 

323.24 

0.026937 

I319 

W16X40 

45.25 

323.24 

0.026937 

A-C 

1320 

W14X34 

84.00 

323.24 

0.026937 

1321 

W14X34 

6.50 

323.24 

0.026937 

1322 

W14X34 

50.00 

209.01 

0.017417 

1323 

W14X34 

90.50 

209.01 

0.017417 

1318 

W16X45 

66.00 

209.01 

0.017417 

C-E 

1313 

W16X45 

24.50 

209.01 

0.017417 

1311 

W16X45 

50.00 

209.01 

0.017417 

1307 

W16X45 

90.50 

110.49 

0.009208 

1303 

W16X40 

50.00 

110.49 

0.009208 

E-G 

1304 

W16X40 

90.50 

110.49 

0.009208 

1305 

W16X40 

45.25 

224.73 

0.018727 

1309 

W16X40 

45.25 

224.73 

0.018727 

1310 

W16X40 

50.00 

•  224.73 

0.018727 

G-A 

1301 

W16X40 

84.00 

224.73 

0.018727 

1302 

W16X40 

6.50 

224.73 

0,018727 

Intermediate  Level  3  Interior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

(in.) 

(lb./ft.) 

(k/in) 

1306 

W12X30 

82.50 

302.86 

0.025239 

1308 

W12X30 

115.50 

302.86 

0.025239 

1312 

W12X30 

82.50 

302.86 

0.025239 

1315 

Cl  2X20.7 

90.50 

302.86 

0.025239 

1316 

W12X30 

115.50 

302.86 

0.025239 

1317 

W12X30 

66.00 

302.86 

0.025239 

Total 

self  weight  of  beams: 

4372 

lb. 

Junction  Level 

Summary: 

Eccentrically  Distributed  Loads: 

Weight  from  additional  members  = 

122 

lb. 

Concrete  Deck  = 

11567 

lb. 

Interior  Walls  = 

11621 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Stairs  = 

4467 

lb. 

Mech  &  Elect  = 

1334 

lb.  (5  psf  over  floor  area) 

Misc  = _ 

3748 

lb.  (1 0  psf  over  floor  area) 

Sub-total : 

32859 

lb. 

Distribution  to  exterior  beams: 

16430 

fb. 

Distribution  to  interior  beams: 

16430 

lb. 

Total  length  of  exterior  beams: 

77.00 

ft. 

Total  length  of  interior  beams: 

46.04 

ft. 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls: 

3636 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Eccentricity  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  =  1 .5874 

section  C-E  = 

0.9566 

section  E-G  =  0.4126 

section  G-A  = 

1.0434 

Junction  Level  Exterior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

Section 

(in.) 

(lb./ft.) 

(krin) 

J516 

W16X40 

11.00 

385.93 

0.032161 

J519 

W16X40 

39.75 

385.93 

0.032161 

J523 

W16X40 

39.75 

385.93 

0.032161 

A-C 

J524 

W14X34 

71.88 

385.93 

0.032161 

J525 

W14X34 

12.13 

385.93 

0.032161 
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J526 

W14X34 

6.50 

385.93 

0.032161 

J527 

W14X34 

50.00 

251.33 

0.020945 

J528 

W14X34 

6.50 

251.33 

0.020945 

J529 

W14X34 

.84.00 

251.33 

0.020945 

J522 

W16X45 

66.00 

251.33 

0.020945 

J517 

W16X45 

24.50 

251.33 

0.020945 

J514 

W16X45 

50.00 

251.33 

0.020945 

J511 

W16X45 

45.25 

135.26 

0.011272 

J507 

W16X45 

45.25 

135.26 

0.011272 

J503 

W16X40 

50.00 

135.26 

0.011272 

J504 

W16X40 

6.50 

135.26 

0.011272 

J505 

W16X40 

84.00 

135.26 

0.011272 

J501 

W16X40 

84.00 

269.86 

0.022488 

J502 

W16X40 

6.50 

269.86 

0.022488 

J506 

W16X40 

43.81 

269.86 

0.022488 

J510 

W16X40 

43.81 

269.86 

0.022488 

J512 

W16X40 

2.88 

269.86 

0.022488 

J513 

W16X40 

50.00 

269.86 

0.022488 

Junction  Level  Interior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

(In.) 

(lb./ft.) 

(Win) 

J508 

W12X30 

82.50 

356.84 

0.029737 

J509 

W12X30 

115.50 

356.84 

0,029737 

J515 

W12X30 

82.50 

356.84 

0.029737 

J518 

C1 2X20.7 

90.50 

356.84 

0.029737 

J520 

W12X30 

115.50 

356.84 

0.029737 

J521 

W12X30 

66.00 

356.84 

0.029737 

Total  self  weight  of  beams: 

4372 

lb. 

Cab  Access  Level 

Summary: 

Eccentrically  Distributed  Loads: 

Weight  from  additional  members  = 

195 

lb. 

Concrete  Deck  = 

2918 

lb. 

Interior  Walls  = 

2890 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Stairs  = 

2541 

lb. 

Mech  &  Elect  = 

496 

lb.  (5  psf  over  floor  area) 

Misc  = 

318 

_ lb.  (10  psf  over  grating) 

Sub-total : 

9356 

lb. 

Distribution  to  exterior  beams: 

0 

lb. 

Distribution  to  interior  beams: 

9356 

lb.  (treat  all  as  interior  beams) 

Total  length  of  exterior  beams: 

0.00 

ft. 

Total  length  of  interior  beams: 

55.10 

ft. 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls: 

0 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Eccentricity  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  = 

1.0000 

section  C-E  = 

1.0000 

section  E-G  = 

1.0000 

section  G-A  = 

1.0000 

Cab  Access  Level  Interior  Beams: 

Member  Name 

Section 

Length 

Additionai  Load 

Additional  Load 

(in.) 

(lb./ft.) 

(Win) 

CA701 

W18X40 

75.75 

169.82 

0.014151 

CA702 

W18X40 

75.75 

169.82 

0.014151 

CA703 

W8X10 

29.25 

169.82 

0.014151  . 

CA704 

W18X40 

13.50 

169.82 

0.014151 

CA705 

W10X26 

84.00 

169.82 

0.014151 

CA706 

W10X12 

8.97 

169.82 

0.014151 

CA707 

W10X26 

91.79 

169,82 

0.014151 

CA708 

W18X40 

66.00 

169.82 

0.014151 
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CA709 

W10X26 

57.03 

169.82 

0.014151 

CA710 

W10X26 

75.13 

169.82 

0.014151 

CA711 

W10X26 

31.07 

169.82 

0.014151 

CA712 

W10X26 

52.93 

169.82 

0.014151 

Total  self  weight  of  beams: 

1552 

lb. 

Top  of  Shaft 

Summary: 

Eccentrically  Distributed  Loads: 

Weight  from  additional  members  = 

18809 

lb.  (Walkway  included.) 

Concrete  Deck  = 

0 

lb. 

Interior  Walls  = 

6657 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Stairs  = 

1103 

lb. 

Mech  &  Elect  = 

1334 

lb.  (5  psf  over  floor  area) 

Misc  = 

0 

lb. 

Sub-total : 

27903 

lb. 

Distribution  to  exterior  beams: 

20927 

lb.  (Catwalk  included.) 

Distribution  to  interior  beams: 

6976 

lb. 

Total  length  of  exterior  beams: 

77.00 

ft. 

Total  length  of  interior  beams: 

56.69 

ft. 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls: 

2077 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Eccentricity  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  = 

1.3634 

section  C-E  = 

1.0079 

section  E-G  = ' 

0.6366 

section  G-A  = 

0.9921 

Top  of  Shaft  Exterior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

(in.) 

(lb./ft.) 

(k/in) 

TS828 

W16X40 

73.94 

397.53 

0.033127 

TS832 

W16X77 

71.88 

397.53 

.  0.033127 

TS833 

W16X77 

43.63 

'  397.53 

0.033127 

TS834 

W16X77 

31.50 

300.91 

0.025075 

TS835 

W16X77 

10.06 

300.91 

0.025075 

TS836 

W16X77 

73.94 

300.91 

0.025075 

TS829 

W16X40 

66.00 

300.91 

0.025075 

TS824 

W16X40 

7.94 

300.91 

0.025075 

TS810 

W16X40 

73.93 

199.99 

0.016666 

TS814 

W16X40 

16.56 

199.99 

0.016666 

TS816 

W16X40 

50.00 

199.99 

0.016666 

TS819 

W16X40 

16.56 

199.99 

0.016666 

TS804 

W16X77 

31.50 

199.99 

0.016666 

TS805 

W16X77 

10.06 

199.99 

0.016666 

TS806 

W16X77 

73.94 

199,99 

0.016666 

TS801 

W16X77 

73.94 

296.61 

0.024718 

TS802 

W16X77 

16.56 

296.61 

0.024718 

TS803 

W16X77 

25.00 

296.61 

0.024718 

TS809 

W16X40 

73.94 

296.61 

0.024718  • 

TS813 

W16X40 

13.69 

296.61 

0.024718 

TS817 

W16X40 

63.88 

296.61 

0.024718 

TS823 

W16X40 

5.56 

296.61 

0.024718 

Top  of  Shaft  Interior  Beams: 


Member  Name 

Section 

Length 

(in.) 

Additional  Load 
(lb./ft.) 

Additional  Load 
(k/in) 

TS807 

W8X35 

82.02 

123.06 

0.010255 

TS808 

W10X26 

82.02 

123.06 

0.010255 

TS811 

W8X35 

22.54 

123.06 

0.010255 

TS812 

W10X26 

22.54 

123.06 

0.010255 

Section 


A-C 


OE 


E-G 


G-A 


USACERLTR  99/04 


225 


TS815 

W10X26 

56.00 

123.06 

0.010255 

TS818 

W10X26 

39.00 

123.06 

0.010255 

TS820 

W14X34 

53.56 

123.06 

0.010255 

TS821 

W14X34 

64.19 

123.06 

0.010255 

TS822 

W14X34 

29.25 

123.06 

0.010255 

TS825 

W10X26 

20.00 

123.06 

0.010255 

TS826 

W10X26 

22.54 

123.06 

0.010255 

TS827 

W10X26 

22.54 

123.06 

0.010255 

TS830 

W10X26 

82.02 

123.06 

0.010255 

TS831 

W10X26 

82.02 

123.06 

0.010255 

Total  self  weight  of  beams: 

6155 

lb. 

Cab  Floor 

Summary: 

Eccentrically  Distributed  Loads: 

Weight  from  additional  members  = 

597 

lb. 

Concrete  Deck  = 

10339 

lb. 

Interior  Walls  = 

1062 

!b.  (1/3  floor  below  +  2/3  floor  above) 

Stairs  = 

193 

lb. 

Mech  &  Elect  = 

1193 

lb.  (5  psf  over  floor  area) 

Misc  = 

1000 

lb.  (Approximate  weight  of  consoles  based  on  Type  L  calculations.) 

Sub-total : 

14384 

lb. 

Distribution  to  exterior  beams: 

7192 

lb. 

Distribution  to  interior  beams: 

7192 

lb. 

Total  length  of  exterior  beams: 

43.06 

ft. 

Total  length  of  interior  beams: 

56.42 

ft. 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls: 

1054 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Eccentricity  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  = 

0.9143 

section  C-E  = 

0.4080 

section  E-G  = 

1.0857 

section  G-A  = 

1.5920 

Cab  Floor  Exterior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

Section 

(in.) 

(lb./ft.) 

(k/in) 

CF916 

W10X26 

42.69 

177.20 

0.014767 

CF920 

W10X26 

21.50 

177.20 

0.014767 

A-C 

CF923 

W10X26 

57.61 

177.20 

0.014767 

CF926 

W10X26 

57.61 

177.20 

0.014767 

CF907 

W10X26 

8.13 

92.63 

0.007719 

CF912 

W10X26 

42.69 

92.63 

0.007719 

C-E 

CF902 

W10X26 

57.61 

92.63 

0.007719 

CF905 

W10X26 

57.61 

92.63 

0.007719 

CF904 

W10X26 

57.61 

205.83 

0.017153 

CF901 

W10X26 

57.61 

205.83 

0.017153 

CF913 

W10X26 

47.88 

205.83 

0.017153 

E-G 

CF906 

W10X26 

8.13 

205.83 

0.017153 

CF925 

W10X26 

57.61 . 

290.40 

0.024200 

CF922 

W10X26 

57.61 

290.40 

0.024200 

G-A 

CF921 

W10X26 

20.00 

290.40 

0.024200 

Cab  Roor  Interior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

(in.) 

(lb./fl.) 

(k/in) 

CF903 

W14X34 

66.13 

127.48 

0.010623 

CF908 

W10X26 

37.63 

127.48 

0.010623 

CF909 

W10X26 

61.94 

127.48 

0.010623 

CF910 

W10X26 

49.78 

127.48 

0.010623 

CF911 

W10X26 

49.78 

127.48 

0.010623 

CF914 

W10X26 

85.38 

127.48 

0.010623 

CF915 

W14X34 

85.38 

127.48 

0.010623 
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CF917 

W10X26 

61.94 

127.48 

0.010623 

CF918 

W8X40 

49.78 

127.48 

0.010623 

CF919 

W8X40 

49.78 

127.48 

0.010623 

CF924 

W14X34 

79.50 

127.48 

0.010623 

Total  self  weight  of  beams: 

3149 

lb. 

Bottom  of  Window 

Summary: 

Eccentrically  Distributed  Loads: 

Exterior  Walls  = 

5418 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Misc  =_ 

0 

lb. 

Sub-total : 

5418 

lb. 

Total  length  of  exterior  beams: 

57.58 

ft. 

Eccentridty  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  = 

1.0000 

section  C-E  = 

1.0000 

section  E-G  = 

1.0000 

section  G-A  = 

1.0000 

Bottom  of  Window  Exterior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

(in.) 

(lb./ft.) 

(k/in) 

BW1003 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1001 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1002 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1004 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1006 

TS7X7X3/16 

57.50 

94.10 

0.007841 

BW1008 

TS7X7X3/16 

57.50 

94.10 

0.007841 

BW1010 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1012 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1011 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1009 

TS7X7X3/16 

57.61 

94.10 

0.007841 

BW1007 

TS7X7X3/16 

57.50 

94.10 

0.007841 

BW1005 

TS7X7X3/16 

57.50 

94.10 

0.007841 

Total  self  weight  of  beams: 

983 

lb. 

Top  of  Window 

Summary: 

Eccentrically  Distributed  Loads: 

Exterior  Walls  = 

2890 

lb.  (1/3  floor  below 

+  2/3  floor  above) 

Misc  =_ 

0 

lb. 

Sub-total : 

2890 

lb. 

Total  length  of  exterior  beams: 

72.36 

ft. 

Eccentricity  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  =  1 

.0000 

section  C-E  = 

1.0000 

section  E-G  =  1 

.0000 

section  G-A  = 

1 .0000 

Top  of  Window  Exterior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

(in.) 

(lb./ft.) 

(k/ln) 

TW1103 

TS7X7X3/16 

72.35 

39.94 

0.003328 

TW1101 

TS7X7X3/16 

72.35 

39.94 

0.003328 

TW1102 

TS7X7X3/16 

72.35 

39.94 

0.003328 

TW1104 

TS7X7X3/16 

72.35 

39.94 

•0.003328 

TW1106 

TS7X7X3/16 

72.38 

39.94 

0.003328 

TW1108 

TS7X7X3/16 

72.38 

39.94 

0.003328 

TW1110 

TS7X7X3/16 

72.35 

39.94 

0.003328 

TW1112 

TS7X7X3/16 

72.35 

39.94 

.  0.003328 

TW1111 

TS7X7X3/16 

72.35 

39.94 

*  0.003328 

TW1109 

TS7X7X3/16 

72.35 

39.94 

0.003328 

TW1107 

TS7X7X3/16 

72.38 

39.94 

0.003328 

TW1105 

TS7X7X3/16 

72.38 

39.94 

0.003328 

Total  self  weight  of  beams: 

1236 

h. 
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Cab  Roof 

Summary: 

Eccentrically  Distributed  Loads: 


Weight  from  additional  members  = 

263 

lb. 

Roof  Deck  = 

5687 

lb. 

Interior  Walls  = 

0 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Stairs  = 

0 

lb. 

Mech  &  Elect  = 

1889 

lb.  (5  psf  over  floor  area) 

Misc  = 

0 

lb. 

Sub-total : 

7840 

lb. 

Distribution  to  exterior  beams: 

3920 

lb. 

Distribution  to  Interior  beams: 

3920 

lb. 

Total  length  of  exterior  beams: 

72.28 

ft. 

Total  length  of  interior  beams: 

97.22 

ft. 

Uniformly  Distributed  Loads: 

Wt.  of  exterior  walls: 

1482 

lb.  (1/3  floor  below  +  2/3  floor  above) 

Eccentricity  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  = 

0.9426 

section  C-E  = 

0.4256 

section  E-G  = 

1 .0574 

section  G-A  = 

1.5744 

Cab  Roof  Exterior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

Section 

(in.) 

(lb./fl.) 

(k/in) 

CR1232 

W10X12 

72.35 

71.63 

0.005969 

CR1235 

W10X12 

72.35 

71.63 

0.005969 

A-C 

CR1223 

W10X12 

36.19 

71.63 

0.005969 

CR1226 

W10X12 

36.19 

71 .63 

0.005969 

CR1210 

W10X12 

36.19 

43.59 

0.003632 

CR1213 

W10X12 

36.19 

43.59 

0.003632 

C-E 

CR1202 

W10X12 

72.35 

43.59 

0.003632 

CR1205 

W10X12 

72.35 

43.59 

0.003632 

CR1204 

W10X12 

72.35 

77.85 

0.006488 

CR1201 

W10X12 

72.35 

77.85 

0.006488 

E-G 

CR1211 

W10X12 

54.50 

77.85 

0.006488 

CR1234 

W10X12 

72.35 

105.89 

0.008824 

CR1231 

W10X12 

72.35 

105.89 

0.008824 

CR1224 

W10X12 

54.50 

105.89 

0.008824 

G-A 

CR1217 

W10X12 

34.75 

105.89 

0.008824 

Cab  Roof  Interior  Beams: 

Section 

Length 

Additional  Load 

Additional  Load 

Member  Name 

(in.) 

(lb./fl.) 

(k/in) 

CR1203 

W14X30 

72.38 

40.32 

0.003360 

CR1206 

W10X12 

62.66 

40.32 

0.003360 

CR1207 

W10X12 

62.66 

40.32 

0.003360 

CR1208 

W10X12 

62.66 

40.32 

0.003360 

CR1209 

W10X12 

62.66 

40.32 

0.003360 

CR1212 

W14X30 

54.50 

40.32 

0.003360 

CR1214 

W10X12 

62.66 

40.32 

0.003360 

CR1215 

W10X12 

62.66 

40.32 

0.003360 

CR1216 

W14X30 

17.88 

40.32 

0.003360 

CR1218 

W10X12 

62.66 

40.32 

0.003360 

CR1219 

W10X12 

62.66 

40.32 

0.003360 

CR1220 

W14X30 

17.88 

40.32 

0.003360 

CR1221 

.  W10X12 

62.66 

40.32 

0.003360 

CR1222 

W10X12 

62.66 

40.32 

0.003360 

CR1225 

W14X30 

54.50 

40.32 

0.003360 

CR1227 

W10X12 

62.66 

40.32 

0.003360 

CR1228 

W10X12 

62.66 

40.32 

0.003360 

CR1229 

W10X12 

62.66 

40.32 

0.003360 

CR1230 

W10X12 

62.66 

40.32 

0.003360 

CR1233 

W14X30 

72.38 

40.32 

0.003360 
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Total  self  weight  of  beams:  2468  lb. 

Parapet 

Summary: 

Eccentrically  Distributed  Loads: 

Exterior  Walls  =  652  lb.  (1/3  floor  below) 

Misc  = _ 0 _ lb. 

Sub-total :  652  lb. 


Total  length  of  exterior  beams: 

72.36 

ft. 

Eccentricity  Factors: 

(Refer  to  calculations  for  locations  of  sections) 

section  A-C  = 

1.0000 

section  C-E  = 

1.0000 

section  E-G  = 

1.0000 

section  G-A  = 

1.0000 

Parapet  Exterior  Beams: 

Member  Name 

Section 

Length 

Additional  Load 

Additional  Load 

(in.) 

(lb./ft.) 

(k/in) 

PPT1303 

TS7X7X3/16 

72.35 

9.02 

0.000751 

PPT1301 

TS7X7X3/16 

72.35 

'  9.02’ 

0.000751 

PPT1302 

TS7X7X3/16 

72.35 

9.02 

0.000751 

PPT1304 

TS7X7X3/16 

72.35 

9.02 

0.000751 

PPT1306 

TS7X7X3/16 

72.38 

9.02 

0.000751 

PPT1308 

TS7X7X3/16 

72.38 

9.02 

0.000751 

PPT1310 

TS7X7X3/16 

72.35 

9.02 

0.000751 

PPT1312 

TS7X7X3/16 

72.35 

9.02 

0.000751 

PPT1311 

TS7X7X3/16 

72.35 

9.02 

0.000751 

PPT1309 

TS7X7X3/16 

72.35 

9.02 

0.000751 

PPT1307 

TS7X7X3/16 

72.38 

9.02 

0.000751 

PPT1305 

TS7X7X3/16 

72.38 

9.02 

0.000751 

Total  self  weight  of  beams: 

1236 

lb. 

ADDITIONAL  MEMBERS:  (Refer  to  hand  calculations) 

Intermediate  Level  2:(I2)  W10x26 

1 

374 

lb. 

Intermediate  Level  3:(I3)  W10x26 

374 

lb. 

Junction  Level :(J)  W10x26 

122 

to. 

Cab  Access  Level:(CA)  W1 6x26 

195 

to. 

Top  of  Shaft:(TS)  walkway  (next  sect.) 

18629 

to. 

W10x26 

179 

lb. 

Total: 

18809 

to. 

Cab  Roor:{CF)  W1 0x26 

441 

to. 

W8x10 

35 

to. 

L4x4x1/4 

121 

ib. 

Total: 

597 

to. 

Cab  Roof:(CR)  W8x10 

89 

to. 

W10x12 

173 

Ib. 

Total: 

263 

Ib. 

Walkway:  (load  to  TS) 

Cl  2x20.7 

1739 

to. 

MC8X18.7 

1111 

to. 

08x11.5 

309 

to. 

L4x4x1/4 

1075 

to. 

conaete  deck 

12507 

to. 

railing 

1658 

to. 

kick  plate 

230 

to. 

Total: 

18629 

to. 

SLAB: 

effective  slab  depth= 

3.25 

in.  (Accounts  for  decking  indents.) 

steel  deck= 

2.72 

Ib./sq.  ft.  (Vulcraft  p.  33) 

floor  slab  unit  weight= 

43.35 

lb./sq.  ft. 
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ROOF: 

steel  deck= 

2.72 

lb./sq.  ft.  (Vulcraft  p.  33) 

8"  rigid  insulation= 

12.00 

lb./sq.  ft. 

single  ply  membrane= 

0.33 

Ib./sq.  ft.  (LRFD,  7-7, 3  ply=1  Ib/sq.  ft.) 

total= 

'15.05 

GRATING: 

unit  weight: 

11.08 

Ibisq.  ft.  (Refer  to  hand  calculations) 

FLOOR  AREAS: 

Take  CL  to  CL  distance  of  perimeter  floor  beams  as  the  effective  floor  area. 

Area 

Area 

(sq.  in.) 

(sq.tl.) 

Intermediate  Level  2: 

38428.50 

266.86 

Intermediate  Level  2: 

38428.50 

266.86 

Junction  Level: 

38428.50 

266.86 

Junction  Grating: 

107.92 

Cab  access  Grating: 

31.80 

Cab  access  Slab: 

9692.91 

67.31 

Top  of  Shaft: 

38428.50 

266.86 

Cab  Floor: 

34349.06 

238.54 

Cab  Roof: 

54416.95 

377.90 

INTERIOR  WALLS: 

NOTES:  -These  numbers  are  very  approximate;  quick  estimates  were  made  from  the 

-Door  weights  were  taken  to  equal  the  wall  weight  -  this  is  conservative 

-Windows  were  neglected 

-  conservative 

Wall  type 

Unit  Weight 
(lb./sq.  ft.) 

(Refer  to  hand  calculations) 

A 

13.14 

(Insulation  =  .5psf  per  inch  thickness) 

B1 

8.14 

B2 

5.64 

C 

9.06 

Interior  wall  weight  resting  on  floor: 

Ground: 

length  wall  A 

30.88 

ft. 

length  wall  B1 

0.00 

ft. 

length  wall  B2 

82.00 

ft. 

length  wall  C 

10.03 

ft. 

wall  height 

9.67 

ft. 

Total  Weight: 

9274 

lb. 

Intermediate  Level  2: 

length  wall  A 

20.34 

ft. 

length  wall  B1 

0.00 

ft. 

length  wall  B2 

77.00 

ft. 

length  wall  C 

10.03 

ft. 

wall  height 

9.67 

ft. 

Total  Weight: 

7663 

lb. 

Intermediate  Level  3: 

length  wall  A 

20.34 

ft. 

length  wall  B1 

0.00 

ft. 

length  wall  B2 

77.00 

ft. 

length  wall  C 

10.03 

ft. 

wall  height 

9.67 

ft. 

Total  Weight: 

7663 

lb. 

Junction: 

length  watt  A 

20.34 

ft. 

length  wall  B1 

18.13 

ft. 

length  wall  B2 

83.50 

ft. 

length  wall  C 

6.00 

ft. 

wall  height 

8.81 

ft. 

Total  Weight: 

13600 

lb. 

Cab  Access  to  Junction: 

length  wall  A 

0.00 

ft.  (Refer  to  hand  calculations.) 

length  wall  B1 

0.00 

ft. 
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length  wall  B2 

0.00 

ft. 

length  wall  C 

21.00 

ft. 

wall  height 

8.17 

_ ft. 

Total  Weight: 

5318 

lb.  (grating  included  here) 

Cab  Access: 

length  wall  A 

3.61 

ft.  (Refer  to  hand  calculations.) 

length  wall  B1 

18.60 

ft. 

length  wall  B2 

19.80 

ft. 

length  wall  C 

0.00 

ft. 

wall  height 

8.17 

_ ft. 

Total  Weight: 

2890 

lb.  (grating  included  here) 

Top  of  Shaft: 

length  wall  A 

0.00 

ft.  (Refer  to  hand  calculations.) 

length  wall  B1 

13.60 

ft. 

length  wall  B2 

0.00 

ft. 

length  wall  C 

0.00 

ft. 

wait  height 

5.58 

ft. 

Total  Weight: 

3186 

lb. 

STAIRS: 

(Refer  to  hand  calculations) 

steps: 

stair  area= 

18.00 

sq.  in. 

linear  weight= 

14.38 

Ib./fl. 

subtread: 

thickness= 

0.10 

in. 

width= 

14.00 

In. 

area= 

1.46 

sq.  in. 

linear  weight= 

4.27 

Ib./ft. 

riser: 

thickness^ 

0.10 

in. 

width= 

8.00 

in. 

area= 

0.84 

sq.  in. 

linear  weight= 

2.44 

Ib./ft. 

abrasive  insert: 

linear  weight= 

2.00 

Ib./ft. 

LT5x1 .25x3/16: 

linear  weight= 

1.64 

Ib./ft. 

landings: 

unit  weight^ 

43.35 

Ib./sq.  ft. 

Additional  Members: 

MC12X10.6 

length  12, 13,  J- 

35.50 

ft. 

weight  12, 13,  J= 

376 

lb. 

MCI  2x20.7 

length  12, 13,  J= 

7.01 

ft. 

weight  12, 13,  J= 

145 

lb. 

W10x26 

length  12, 13,  J= 

7.01 

ft. 

weight  12, 13,  J= 

182 

lb. 

213x3x1/4 

linear  weight= 

9.80 

lb./ft. 

weight  12, 13,  J= 

392 

lb. 

Additional  Angles: 

weight  12, 13,  J= 

83 

lb. 

weight  CA= 

63 

lb. 

weight  TS= 

198 

lb. 

Railing 

unit  welght= 

2.27 

Ib./ft.  (ASD  p.1>93) 

weight  12, 13,  J= 

248 

h. 

weight  CA= 

31 

h. 

weight  TS= 

17 

lb. 
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TS1 2x2x3/16 

unit  welght= 

17.08 

lb./ft. 

weight  CA= 

456 

lb. 

weight  TS= 

260 

ib. 

Weight  per  level: 

Average 

#  of  treads 

tread  length 

Landing  Area 

(in.) 

(sq.  in.) 

Intermediate  Level  2: 

16 

38.75 

3133.66 

Intermediate  Level  3: 

16 

38.75 

3133.66 

Junction  Level: 

15 

42.13 

3835.88 

Cab  Access: 

10 

35.76 

0.00 

Top  of  Shaft: 

6 

32.50 

750.00 

Cab  Floor: 

3 

31.25 

0.00 

Total  T read  Weight 
(lb.) 

Landing  Weight 
(lb.) 

Additional  Weight 
(lb.) 

Stair  Wall  Weight 
(lb.) 

Total 

(lb.) 

Intermediate  Level  2: 

1277 

943 

1426 

635 

4282 

Intermediate  Level  3: 

1277 

943 

1426 

635 

4282 

Junction  Level: 

1302 

1155 

1426 

584 

4467 

Cab  Access: 

737 

0 

550 

1254 

2541 

Top  of  Shaft: 

402 

226 

475 

0 

1103 

Cab  Floor: 

193 

0 

0 

0 

193 

EXTERIOR  WALLS:  NOTE:  -Window,  louver,  and  first  floor  door  openings  were  neglected 

unit  weights:  exterior  wall  3.50  IbVsq.  ft.  (Refer  to  hand  calculations.) 

cab  glass  15.00  Ibysq.  ft.  (Refer  to  hand  calculations.) 

Exterior  wall  weight  above  floor: 


ground: 

total  wall  length 

81.42 

ft. 

wall  height 

9.67 

ft. 

total  weight 

2755 

Ib. 

Intermediate  Level  2: 

total  wall  length 

81.42 

ft. 

wall  height 

9.67 

ft. 

total  weight 

2755 

lb. 

Intermediate  Level  3: 

total  wall  length 

81.42 

ft. 

wall  height 

9.67 

ft. 

total  weight 

2755 

Ib. 

Junction  Level: 

total  wall  length 

81.42 

ft. 

wall  height 

14.31 

ft. 

total  weight 

4077 

Ib. 

Cab  Access: 

total  wall  length 

81.42 

ft. 

wall  height 

0.00  ‘ 

ft. 

total  weight 

0 

Ib. 

Top  of  Shaft: 

total  wall  length 

59.40 

ft. 

wall  height 

2.59 

ft. 

total  weight 

1077 

Ib. 

Cab  Floor: 

total  wall  length 

59.40 

ft. 

wall  height 

1.92 

ft. 

total  weight 

1043 

Ib. 
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Bottom  of  Windows: 


Top  of  Windows: 


total  wall  length 

65.00 

ft. 

wall  height 

7.80 

ft. 

total  weight 

7605 

lb. 

total  wall  length 

73.00 

ft. 

wall  height 

2.08 

ft. 

total  weight 

532 

lb. 

total  wall  length 

73.00 

ft. 

wail  height 

3.83 

ft. 

total  weight 

1957 

lb. 

Cab  Roof: 
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APPENDIX  D1 

San  Luis  Obispo  Shaft  Brace  (L6  x  6  x  1/2)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.  1994,  pp  6-277) 


NOTES :  -This  Sheet  is  for  Single  Angle  bracing  members 
-Note  member  axis  definitions  below 


TOWER  :  steel  Braced  Frame  (San  Luis  Obispo,  CA) 
MEMBER  :  L  6x6x1/2  ;  Bracing  at  the  base  in  compression 
ANALYSIS  RUN  :  SL01 
APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

X 

MAXIMUM  REACTION  :  | 

P  ^  :=  51.5  kips  b 

p  •=  I  P  I  I 

^  U  *  I  ^  U  j 

!  Z 


b 


I 


z 


w 


4- 

Iv 

I 

1 

T 


ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
M1 ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 


SECTION  PROPERTIES 


b  :=  6.0 

in 

L  :=  12.24  ft 

t  :=  0.5 

in 

X  :=  2.875  in 

A  g  :=  5.75 

.  2 

y  :=  0.25  in 

m 

•  a  :=  45.0  deg 

1  X  :=  19.9 

in"^ 

;=  1.18 


in 
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MATERIAL  &  CODE  PROPERTIES 

F  y  :=  36  ksi 

k  :=  1.0 

<(.  :=  0.9 

E  :=  29000  ksi 

Cb-1-0 

H-  0.9 

Cm- 10 

CALCULATED  PROPERTIES 

^  :=  x-sin(a-cleg)  -  y-cos(a-cleg) 


Tj  ;=  x  cos(a  deg) 


(cos(adeg)) 
sin  (a -deg) 


sin  (a -deg) 


^  =  1.86 

Ti  =  2.21 


w  ;=  Tj  -  r  2  w  =  1 .03  in 


z:=^ 

l^-Ag.r^- 

'  W  •=  '  X  '  v  “  ' 


z  =  1.86  in 


distance  from  minor  principal  axis 
distance  from  major  principal  axis 


y-  'z 


rw- 


r^  =  2.35 


AXIAL  CHECKS 

COMPRESSION  (AISC  LRFD,  p.  6-282) 

check  if  slender  element,  determine  reduction  factor ,  Q 


Q  :=  if 


Q  ;=  if 


.3> 0.910-  l-L, 0.534- - - - ,Q 

'  F  -K 


\t 


Q  =  1 
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k-L12  ^  y 

r^-n  E 


A.  c  =  1-4 


F  jjp  :=  if 


X~'Jq<1.5,Q- 


( 

\0.658 


Q  O,  /') 


0.877  _ 

’7~F  y 


F  =  15.9 


ksi 


P  n  :=  A  g-F  cr  nominal  strength  for  compression 

P  P  =  91.6  kips 

BENDING  CHECK 

Bending  about  principle  axes  (5.3,  pp.  6-285) 

Ch-0.46.Eb^t^ 

MnR:=— I -  Mor  =  817  kipin  (EQ.5.5) 

L.12.0 

C  ^  :=  b  sin(a  deg) 

I  w 

■y  y  y  'E"  M  „  =  270  kip  in 

w  y 


5.1.3.  Limit  state  of  lateral-Torsional  Buckling 


^  nwLTB 


MoB^My, 


(EQ.  5.3a) 
(EQ.  5.3b) 


•y  nwLTB  ■=  nwLTB>  M  y.  1-25  M  y,  M  nwLTB) 

^  nwLTB  “  kip -in 

5.1.1.  Limit  State  of  Local  Buckling 
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nwLB  == 


->  0.382-  Cl, 

t  jFy 


F  y-S 


-  1 


nwLB  ==  0.446-J^,  Q-F  yS  M 

nwLB  =  294  kip -in 

M  nyy  :=  if  (M  n^|_0<  M  nwLTB’  nwLB>  nwLTB; 


M  pyj,  =  294  kip -in 

Minor  Principal  Axis  (z-z)  Bending 
CzTip  •=  b  cos(a  deg)  - 

^zCORNER  == 


t  /  2  \ 

yCos( a -deg )  -  \  j  - 


sin  ( a  -deg ) 


1.25-FyS^ 


'zTIP 


3.42 


C  z  :=  if  (C  2T|P>  C  zCORNER  >  ^  zTIP  >  ^  zCORNER; 


Sz- 


M  nzLB  '^1 


.^>0.382-  -L,F^,-S, 
t  F  “  ^ 

N  Y 


1.25  -  1.49- 


b 

t 


- : - 1 

0.382-  JL 


,1.25-FyS2 


M 


nzLB  :=  ifi  Y>0-446-jZ.Q-F  yS  ^.M  p^^B 


y  nzLB  =  92 


kip -in 


nzy  •”  1-25  F  y-S  ^ 


M  p2y  =  105  kip-in 


nz  •"  if  (w> 0 ,  M  nzLB>  nzy 


Mnz  =  92 


kip -in 
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Determine  Moment  Amplification  Factors 


e1w 


'k-L-12.0\ 


-A 


P  e1w  =  '♦22 


w 


m 


1w  •" 


1 


e1w 


B  1.14 


Blw== 


^  uw  •”  i  B  u 


Muw=109 


kip  in 


7C^-E 


e1z  •“ 


kL-12.0\ 

\  j 


Peiz  =  106 


m 


1z 


1 


e1z 


B  .|2  =  1.94 


Bl2==  l2^10.Biz,l-0 


Muz-j  Bi2  w  Pu! 


M  ^2  =  103 


kip  in 


INTERACTION  EQUATIONS: 


DCR  :=  if 


,  8. 

/  M  uw  ^  uz  \  u 

^  1  -  _  -|- 

/  M  yw  ^  uz  \ 

-l-  . . . 

■I-Pn  ’♦■Pn 

^<t>  nw  't>  b’^  nz/  2-«|»  Pn 

b  *^  nw  b'*'^  nz/ 

DCR  =  2.1  includes  resistance  factors 


DCR  :=  if 


.^>0  2 

u  8 

UW^ 

Muz' 

Pu 

-1- 

uw 

MuzV 

[Pn  ’ 

Pn^ 

nw 

^  nz/ 

1  ’  2*P 
^  ^  n 

nw 

nz/_ 

DCR  =  1.89  excludes  resistance  factors 
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APPENDIX  Dia 

San  Luis  Obispo  Shaft  Tension  Only  Brace  (L6  x  6  x  1/2) 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed.  1994,  pp  6-277) 


NOTES :  -This  Sheet  Is  for  Single  Angle  bracing  members 
-Note  member  axis  definitions  below 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 


MEMBER  :  L  6x6x1 /2  ;  Maximum  tensile  force  in  braces 
after  buckling  has  occurred. 

ANALYSIS  RUN  :  Analysis  of  Critical  Member  BR202, 
case  SL03a 

APPLIED  LOADS  :  100%  N EH RP-97  +  self  weight  -p 

j 

MAXIMUM  REACTION  :  ' 

P  u  :=  109.4  kips  ^ 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 


SECTION  PROPERTIES 


b  :=  6.0 

in 

L  :=  12.24  ft 

t  :=  0.5 

in 

X  :=  2.875  in 

A  g  :=  5.75 

.  2 

y  :=  0.25  in 

in 

a  :=  45.0  deg 

1  X  :=  19.9 

in^ 

in 
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MATERIAL  &  CODE  PROPERITIES 


F  y  :=  36  ksi 

E  ;=  29000  ksi 

k  :=  1.0 

0^:=  1.0 

Cn^:=1.0 

ij)  :=  0.9 

b  :=  0.9 

CALCULATED  PROPERTIES 

%  ;=  x  sin(a  deg)  -  y  cos{a  deg) 

^  =  1.86 

:=  x  cos(a-deg)  - 

(cos(a.deg))^ 

sin(adeg) 

sin  (a. deg) 

11  =  2.21 

w  :=  ri  -  r  2  w  =  1.03  in  distance  from  minor  principal  axis 

distance  from  major  principal  axis 

z  :=  ^  z  =  1.86  in 

•z'“^g''z 
*  w  ^  X  *  y  “  ’  z 
I 


rw- 


w 


g 


r^  =  2.35 


AXIAL  CHECKS 

TENSION 


P  n  ^  g'P  y 


P  f,  =  207  kips 

BENDING  CHECK 

Bending  about  principle  axes  (5.3,  pp.  6-285) 


M 


oB 


C  jj  0.46  E-b^  t^ 
L12.0 


M  oB  =  817 


kip  in 
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:=  b  sin(a-deg) 

'w 

y  y  ?“  M  „  =  270  kip  in 

^  w  y 

5.1.3.  Limit  state  of  lateral-Torsional  Buckling 

/  M  -r\  /  I  M  „  \ 

MnwLTB==i^  Mob<M  0.92-0.17-—  Mob,  1.58  -  0.83.  TT^ 

^  nwLTB  ■■  nwLTB>  1-25-M  y,  1.25.M  y,  M  owLIb) 

MnwLTB  =  298  kipin 

5.1.1.  Limit  State  of  Local  Buckling 

check  if  slender  element,  determine  reduction  factor ,  Q 


nwLB  =  294  kip  in 
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M  :=  if  (M  n^LB<  nwLTB>  nwLB>  nwlTBy 
Mn^  =  294  kipin 

Minor  Principal  Axis  (z-z)  Bending 


CzTip  •=  bcos(adeg)  — ; - 1 - (cosfadeg)^  -  l)  -  r^  ^  zJ\p  - 

sin  (a  deg) 

^zCORNER  == 

C  z  :=  if  (C  2TIP>  C  zCORNER’  ^  zTIP  -  ^  zCORNEr) 


nzLB 


nzy  •”  1-25  F  y  S  ^ 

nz  i^(w>0,M  nzy’*^  nzLB; 
Determine  Moment  Ampiification  Factors 
B  :=  10 

^  uw  ■■  I  ®  u  j 

B  :=  1.0 

Biz  iz^l.0,Biz,1.0) 

Muz- I  Biz-wPu| 


1.25Fy-Sz 


•Sz.M  nzLBi 


nzLB  =  92  kip  in 

M  nzy  =  10^ 

M  pz  =  105  kip  in 


Muw  =  203  kipin 


Muz=113  kipin 
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INTERACTION  EQUATIONS 


DCR  :=  if 


->0.2, 


u  8 
+ 


M 


uw 


M 


uz 


M 


uw 


M 


uz 


^  nw  *l’b’*'^nz/  \*l’ b' 


DCR  =  2.32  includes  resistance  factors 
DCR  :=  iff 


M 


nw 


^  jj  M 


nz; 


(M  yyy  ^  UZ^ 

/Muw  uz\ 

p  ’  p  9  I 

/  n  ^  n  ^ 

M  p^y 

nw  ^  nz/ 

DCR  =  2.09  excludes  resistance  factors 


Considering  axial  force  alone: 


DCR  =  0.529  excluding  bending  due  to  eccentricity  at  connections 

DISCUSSION 


The  L  6x6x1 /2  is  considered  to  be  adequate  even  though  the  demand  capacity  ratio  is 
slightly  greater  than  2.0  .  The  primary  cause  of  the  high  DCR  is  the  moment  which  is 
developed  due  to  the  eccentric  connection.  In  the  calculation  of  moment  capacity  about 
the  major  principal  axis,  local  buckling  controls.  However,  about  the  minor  principal  axis 
the  limit  state  of  yielding  governs.  In  the  calculation  for  the  limit  state  of  yielding,  the 
AISC  manual  uses  a  shape  factor  of  1.25  .  In  the  section  of  the  AISC  manual 
"Commentary  on  the  Specification  for  Load  and  Resistance  Factor  Design  of 
Single-Angle  Members",  the  manual  explains  that  the  1.25  shape  factor  used  is  less 
than  the  actual  shape  factor  used  in  the  plastic  moment  calculation  for  an  angle. 
Therefore,  exceeding  2.0  for  this  single  tension  member  is  considered  to  be  acceptable. 
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APPENDIX  D2 

San  Luis  Obispo  Shaft  Coiumn  (W8  x  31)  Evaiuation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


NOTES :  -This  Sheet  is  for  l-shaped  members 

-Note  member  axis  definitions  below  2 

TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA)  | 

MEMBER  :  W8x31  ;  Column  at  Base  of  Bent  | 

ANALYSIS  RUN  :  SLO  1 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight  ij)  ^ 

-  1 

MAXIMUM  REACTIONS  : 

P  ^  (+),  positive,  represents  tension 

P  (-),  negative,  represents  compression  - 


P  :=- 175.3 

kips 

M  ^  :=  0  kip  in 

the  1  axis  is  the 
longitudinal  axis  out 

V2  :=-0.8 

kips 

M2:=-16  kip  in 

of  the  page 

V3:=-0.2 

kips 

M3:=-85  kip  in 

P2:=|V2i 

P3-IV3I 

M  1  := 

M  1  1  M  2  j  M  2 

ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions 
above  Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints. 
Moment  reactions  where  the  frame  is  restrained  against  lateral  translations  were  not 
computed,  and  therefore  have  values  of  zero  when  the  stresses  are  combined  in  the 
final  section  of  this  sheet. 
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SECTION  PROPERTIES 


A  ;=  9.13  in^ 

J  :=  0.54  in" 

^  nt3 

Ae:=A 

d  :=  8.00  in 

k  pt2  :=  0.71 

1  3  :=  110  in'* 

k  :=  0  +-i£  in 

16 

k  |t3  :=  0.75 

K  values  by  LRFD 

Table  C-C2.1 

1  2  :=  37.1  in'* 

t  ^  :=  0.285  in 

k  |t2  :=  0.71 

83:=  27.5  in^ 

bf:=  7.995  in 

L  fj3  :=  128  in 

$2  :=  9.27  in^ 

tf:=  0.435  in 

L  1^2  •” 

23:=  30.4  in^ 
22:=  14.1  in^ 

Cy^,:=  530  in* 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

<()  jj  :=  0.90 

(()  g  :=  0.85 

G  ;=  11200ksi 

Fu  :=  58  ksi 

(j)  y  :=  0.90 

0^:=  1.0 

Fr  :=  10  ksi 

F  L  :=  Fyf  -  Fr 

Fyf  :=  Fy 

Fyw  :=  Fy 

<t>  ty  •-  0.90 

<1,^:=  0.75 

C  j,  is  conservatively 
taken  equal  to  1.0 

CALCULATED  PROPERTIES 


AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

(()P  :=  ^-Fu  A  g<(|)  ty-Fy-A,  (f-Fu-A  gj ,  (|)  tyTy-Aj 


4,P  pt  =  296 


kips 


(eq.  LRFD  D1-1) 
(eq.  LRFD  D1-2) 
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COMPRESSION  (LRFD  E,  p.  6-47) 


E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 

65 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


p_flange  •' 


^  p_flange  “ 


r_flange 


141 


-  10 

r_flange 


flange 


flange 


=  9.19 


flange”'  ^  p_flange 


OK 


Webs  in  combined  ^  u  |  1  | 

flexure  and  compression 

(for  h/t  ratio)  P  :=  Fy-A 


p_v\/eb 


:=  if 


/  Pu 


p_web 


b'Py 

,:=if 

[/  1 

[\* 

h  :=  - 

970 

>  0.125  • 


191 


2.33 


™.|2.33 


[V^  \  H-Py/  4^\\  4^ 

/  2.75. P..\ 

p_web 


/ 


^  r_web  •“  -=*  ^  ~  — a 

VFy  \  ^  b'P 


4^\  H-Py/ 

u  \ 


Vi 


Pu  \  253 


^  p_web  - 
member  values 

>  - 
web  •“  T — 

^  w 


^  r  web  “ 


^  web 


^  web"'  ^  p_web 


J.c=l 


Fcr  :=if[>.c^l.5,0.( 


zrro  ^  rr  0.877  ^ 
658  Fy, - Fy 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 
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F  =  32.3  ksi 

't’P  nc  ==  ^  Cr'A  (eq.LRFD  E2-1) 

(j)P  n  :=  if (P  i<0 ,(t)P  nt) 

(|)P  P,  =  251  kips 


BEAM  CHECK  (ch.  F.  p.  6-52) 

F1.2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  ancf  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3 -3  AXIS  2 -2  AXIS 

^  p3Jnitial  3  p2Jnitial  2 


M  y3  :=  Fy  S  3 


M  y2  •”  ®  2 


^  p3  -  '^(F'y-Z  3^1.5  Fy  S  3,Fy-Z  3, 1.5-Fy  S  3) 

M  p2  :=  if (Fy  Z  2^1.5  Fy  S  2,  Fy  Z  2,  l.S  Fy  S  2) 
Mp3  =  1094  kip  in  M  p2  =  501  kip  in 

(a) ;  l-shaped  members  and  channels 

3  -  3  AXIS  2 -2  AXIS 

^  300  r2  (eq.  LRFD  FI-4) 

*-  p  •“  — - - 

VFyf 


(eq.  LRFD  FI-8) 


(eq.  LRFD  F1-9) 
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(eq.  LRFD  F1-7) 


Fl 


(eq.  LRFD  F1-6) 


nLTB  inelastic  ^  b' 


/  L  uo  —  L  Q 

Mp3-(“p3-Mr)i-p7^ 

\.r  ‘■P/J 


(eq.  LRFD  FI -2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channels 

3-3  AXIS  2  -  2  AXIS 


^  nLTB  elastic  b": 


b2 


E  l  2  G  J  -I- 


!i±\ 

\Lb2/ 


'  •'  2‘^w 


(eq.  LRFD  F1-13) 


nLTB_elastic  ==  nLTB.elastic^''^  p3-''''  nLTB_elastic-M  pg)  (eq.  lrfd FI-12) 
^  nLTB_elastic  = 

n3  == '^(Lb2<'-p,M  p3,0) 

n3  ==  '^[  (*-  p-*-  b2)  •  (I-  b2-'-  r) » nLTBJnelastic’  ns] 

^  n3  ==  '^[  (*-  r-^  b2)  >  ^  nLTBJnelastic>  ns] 


M  n2  M  p2 


M  p3  =  1058  kip  in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 


M  n2  =  501 


kip  in 


nFLB  ==  C  b 


M  p3  -  (M  p3  -  M  r) 


^  flange  “  ^  p_flange 


^  r_flange  ”  ^  p_flange  j 
nFLB  flange^  ^  p_flange) '  nFLB*^  ^  ps) » ^  nFLB  >  ^  ps] 


(eq.  LRFDA-F1-3) 


^  nWLB  C  b- 


M  p3  -  (M  p3  -  M  r 


^  web  “  ^  p_web 
^  r_web  ”  ^  p_web^ 


(eq.  LRFDA-F1-3) 
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nWLB  web^  ^  p_web)  ’  nWLB*^  ps)  >  nWLB  >  ps] 

M  n3  :=  if(^M  nFLB<'^  n3>''^  nFLB’’^  ns) 

M  n3  :=  if (^M  nWLB<  n3>  nWLB>  n3) 

M  p3  =  1058  kip  in 

INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 

M,t:=0 

B1  :=  1 


NOTE:  As  the  product  of  M  p,{  B1  is  zero,  B1  was  set  to  1  for  sirnplicity. 

2  -  2  AXIS 


3  -  3  AXIS 
It3  == 

^  c3 


B2  3:=. 


M3 

M  |t2  M  2 

^  113  *- b3  fFy 

1 

c2  ==  - 

rs-Tt 

4e 

A  Fy 

P  e2_2  = 

,  2 
^  c3 

1 

jl 

CM 

CM 

CD 

\ 

Pe2J 

i 

1  - 

B2  3  =  1.05 

B2 

u3  nt  +  It3’®‘'  ’'^  nt+  3’^  It3 

1^  u2  1  ^  ®  ^  nt  ^  It2  •  nt  +■  2‘^  It2 

kip -in 


'^lt2  Lb2  fFy 

r  o  Tc  'V  E  , 


2' 

A  Fy 


?^c2 

1 


I  P 


e2  2 


B2  o  =  1.16 


M  y2  =  l«-5 


kip -in 


M  u3  =  89.6 
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Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 
let  C  =  combination  factor 

NOTE;  C  should  be  less  than  or  equal  to  1.0 


P  ;= !  P  ^  I 
^  u  •  i  1  i 


C  :=  if 


M 


u3 


M 


u2 


\ 


M 


u3 


M 


u2 


\ 


n  't'P  n  ^  \'t’ b  *'^  n3  ^  b'^  nlj  n  \'t' n3  4' b’*^  n2 
(eq.  LRFD  H1-1a)  (eq.  LRFD  H1-1b) 

C  =  0.819  (including  strength  resistance  factors) 


Cl  :=  if 


u 


>0.2, 


u  8 
+■  — 


/M„3  M„2\ 

\  i 

1,3  ^  M  ^^2\ 

n3  n2j 

1’  ^Pn  ’ 

n3  n2/ 

't'P  n  't’P  n  ^ 

0.85  0.85 

Cl  =  0.702  (excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2,  p.  6-56) 
3-3  AXIS 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore; 


2  -  2  AXIS 


r1  =  69.7 


r2  =  87.2 


Vn2  :=  if(^^r1 ,0.6  Fyw  A^,0 


Vn2:=ifl 


418 


( r1  <A. )  •(  ?.  ^  r2 ) ,  0.6- FywA  ,  V  n2 


■w 


Vn3  ==  0.6.Fyf.Af 
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V  :=  if 


t2<X,. 


132000  A 


w 


V 


h 


•w 


n2 


Vn3  =  150 


kips 


V  „2  =  49.2 


kips 


n3  •-  ^  v'^  n3 


(|)V  n2  '!>  v  n2 


4,Vn3=135 


kips 


<t>V  n2  =  44.3 


kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 


Limiting  Shear  Stress  Value 
F  V  :=  0.6  (|)  y-Fy 

Combined  Shear  and  Torsion  stress: 


f 


M 


v3 


Af- 


d  A 


f 


f  y3  =  0.0288  ksi 


v2  - 


‘  w 


f  y2  =  0.351 


(eq.  LRFD  H2-2) 


ksi 


V3 


=  0.00148 


v2 


=  0.018 


DEMAND  CAPACITY  RATIO  (DCR) 


C1 

fv3 


v2 


DCR  ;= 


max(  DCR)  =  0.702 
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APPENDIX  D3 

San  Luis  Obispo  Shaft  Intermediate  Leveis  Beam  (W16  x  40) 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


NOTES :  “This  Sheet  is  for  l-shaped  members 
“Note  member  axis  definitions  below 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 
MEMBER  :  W16x40  ;  Beam  at  Intermediate  Level 

ANALYSIS  RUN  :  SLOl 
APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  ^  (+),  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 


2 


i 

1 

_ C 

1 

1 

1 

I 

i'=o 

kips 

M  .|  :=  0  kip  in 

2  ;=  10.7 

kips 

M  2  :=  0.0  kip  in 

3  :=  0.0 

kips 

M  3  :=  -849  kip  in 

:=|Vo! 

1  CO 

> 

II 

M 

1=  !  M  ^  M  2  2  1 

the  1  axis  is  the 
longitudinal  axis  out 
of  the  page 


ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 


A;=11.8  in^ 

J  :=  0.79  in'* 

k  pt3  :=  1.0 

< 

II 

0) 

< 

d:=11.8  in 

k  nt2  :=  10 

K  values  by  LRFD 

I  3  :=  518.0  in'^ 

k  :=  1  -h—  in 

16 

k  |t3  :=  1.0 

Table  C-C2.1 

1  2  :=  28.9  in'* 

t  ^  :=  0.305  in 

k  |t2  :=  10 

83:=  64.7  in^ 

b  f  :=  6.995  in 

Lb3:=90.0 

in 

S  2  :=  8-25  in^  ' 

t  f  :=  0.505  in 

Lb2:=  199.0 

in 

23:=  72.9  in^ 

Z  2  :=  12.7  in^ 

:=  1730  in® 

• 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

(|,  b  :=  0.90 

4)  g  :=  0.85 

G  :=  11200  ksi 

Fu  :=  58  ksi 

<|)  y  :=  0.90 

Cb:=  1.0 

Fr  :=  10  ksi 

II 

LL. 

(|)  ty  :=  0.90 

C  b  is  conservatively 
taken  equal  to  1.0 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

0.75 

CALCULATED  PROPERTIES 


AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

(eq.LRFDD1-1) 

4.P  nt  :=  if[<l>  tf-F^  A  jy-Fy-A,  ^-Fu-A  g)  ty-Fy-A]  lrfddi-2) 
(|)P  pj  =  382  kips 
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COMPRESSION  (LRFD  E.  p.  6-47) 


E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 
. .  .  .  65 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


p_flange  •' 


p_flange 


r_flange  ■”  ■ 

iy/Fy  -  10 

^  r_flange  “ 


flange 


^  flange  “ 


flange"^  ^  p_flange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==lPl 

p  y  :=  Fy-A 


p_web 


[f /  P  u  \ 

I  -^n  1  ?<;'!. 

33  - 

Pu  \^253 

™i233- 

]’\<l>b-Py  / 

14^  \ 

4>b-Py/ 

^  p_web 


r  web 


yU-Py  /  \  n-Py/ 

970  I ,  P  u  \ 


p_web 


11-  0.74- 


-  n-Py/ 

^  p_web  =  10^  ^  r_web  ~ 

member  values 

^  web  T —  ^  web  “ 

^  w 


^  web"^  ^  p_web 


NOTE  :  The  width  /  thickness  ratios  must  be  less  than  the  Xr  values  above  for  the 
equations  below  to  be  valid.  CHECK  BY  COMPARING  THE  NUMBERS! 


X  c 


-  ■•*1^  It3 \\2'^b2  ^  ItS'l-bS  '^It2  ‘-b2  ^ 
\  ro  r2  ’  ro-ji  4  E  ’  r2  Jc  a]  E 


(eq.LRFD  E2-4) 


Xc=  1-426 


254 


USACERLTR  99/04 


/  x/  0  877  \  (eq.LRFDE2-2) 

if!A.c^l-5,0.658  -Fy,-: — -Fy  j 

^  j  (eq.LRFDE2-3) 

F  cr  =  15.4  ksi 

•t'P  nc  •“  *1’  C’^  cr’^  (eq.LRFD  E2-1) 

<()?  n  :=  if(P  i<0,(t)P  nt) 

(j)P  P  =  382  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1.2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3-3  AXIS  2  -  2  AXIS 

p3Jnitial  •"  3  ^  p2Jnitial 2 

M  y3  :=  Fy  S  3  M  y2  :=  Fy  S  2 

M  p3  :=  if  (Fy  Z  3<1.5  Fy-S  3,  Fy  Z  3,  LS-Fy  S  3) 

M  p2  :=  (Fy  Z  2^1-5  Fy  S  2,  Fy  Z  2>  l-^  Fy  S  2) 


Mp3  =  2624  kip  in  M  p2  =  446  kip -in 

(a) :  l-shaped  members  and  channels 

3-3  AXIS  2 -2  AXIS 

300-r2  (eq.LRFDF1-4) 

Lp  •= 

y  It  /e  G  J  A 

^  “  ‘S^  J  2 


(eq.  LRFD  F1-8) 
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2S5 


X  o  ;=  4- 


Cw/S3\^ 


I  2  \G  J/ 


Mr-Fl-Ss 


F|_  'I 


nLTB  inelastic  ^  b' 


M 


P3 


(eq.  LRFDF1-9) 


(eq.LRFD  F1-7) 

(eq.  LRFD  F1-6) 


(eq.  LRFD  FI -2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channels 

3-3AXIS  2-2AXIS 


nLTB  elastic  ^  t,  - 


b2 


\.\y.G-J  +  (—\  -lo- 


\'-b2/ 


2-C^  (eq.  LRFDF1-13) 


nLTB_elastic  nLTB_elastic-’^  p3>  nLTB_elastic> ^  ps)  fi-12) 

nLTB_elastic  “  kip  in 

Mn3==if('-b2<Lp,Mp3,0)  M  n2  ==  “  p2 

^  n3  ■■  '^[(*-  p^*-  b2)  (*-  b2-*-  r)  nLTBJnelastiC’ ^  n3] 

M  n3  •“  '^[  (*-  r-*-  b2)  >  nLTBJnelastic>  n3] 

kip  in  ^  n2  ”  kip  in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-1 1 1 ) 


M  n3  =  2552 


nFLB  =-  ^  b 


M 


p3  -  p3  -  r) 


/  r 


flange  “  ^  p_flange 


r_flange  ”  ^  p_flange/ 


(eq.  LRFDA-F1-3) 


^  nFLB 


flange^  ^  p_flange)  ‘  nFLB"^  p3)  >  nFLB » p3] 
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nWLB  ==  C  b' 


Mp3- (Mp3- Mr) 


/  ^  web  -  ^  p_web 


(eq.LRFDA-F1-3) 


r_web  ”  ^  p_web /  J 
M  nWLB  ■=  '^[  web>  ^  p_web)  ’  (M  nWLB<  M  p3) ,  M  ,  M  pg] 


M  n3  ==  '^M  nFLB<M  n3.M  nFLB’M  n3 


M  n3  ==  '^(M  nWLB<  M  n3,  M  nWLB>  M  03) 
M  p3  =  2552  kip  in 

INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 

Mnt:=0 

B1  :=  1 


NOTE:  As  the  product  of  M  is  zero,  B1  was  set  to  1  for  simplicity. 


3-3AXIS 

M  |t3  ==  M  3 


2 -2  AXIS 

M  |t2  :=  M  2 


^  c3 


P  e2  3 


AFy 

^c3' 


p  A  Fy 

P  e2  2  - - ; 

^c2 


B2  o  ;= 


!  P 


1 


e2  3 


B2  o  := 


1 


Pe2  2 


B23=1 


B22  =  1 


M  u3  :=  if(P  1>0,M  nt  + M  h3,B1M  pj-t- B2  3  M  113) 

M  u2  •=  1>0,M  nt+  M  |t2,B1M  ^^4-  B2  2-M  ^2) 


M  u3  =  kip  in 


M  ii2  =  0  kip-in 
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Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1 .0 


P  u  I  1 


C  :=  if 


/  M 


u3 


M 


u2 


M 


u3 


M 


u2 


l>P  n  n  ^  b-M  n3  b'^  nlj  2  «t>P  n  b'^  n3  '!>  b'^  nzj 

(eq.  LRFDHMa)  (eq.  LRFD  H1-1b) 

C  =  0.37  (including  strength  resistance  factors) 


C1  :=  if 


.^0.2, 


Pu  8/''''u3  “^02^  Pu  /''''u3  ''^u2\ 


<l,Pn  '’^Pn  9^Mn3  Mn2/’^4>Pn  n3  >^02 

0.85  0.85 

C1  =  0.333  (excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2,  p.  6-56) 
3-3AXIS 


2-2AXIS 


tw 


r1  := 


418 

.^Fyw 


r1  =  69.7 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore; 


Vn3  :=  0.6  Fyf.Af 


r2  := 


523 


r2  =  87.2 


^Fyw 

Vn2  :=  if(?L^r1 ,0.6  Fyw  A  ^^,,0 


418 

( r1  <X )  •(  X  <r2 ) ,  0.6- FywA  ,  V  n2 


‘  w/ 


Vn2:=if 
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V  n2  :=  if 


r2<A., 


132000A 


w 


V 


/JL\ 

t 


n2 


w 


V  p3  =  153  kips  ^  n2  = 

n3  “  "t*  v'^  n3  n2  '=  ^  v  n2 


(|»V  p3  =  137  kips  (^V  p2  =  70  kips 

Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F  y  :=  0.6  (f)  y -Fy  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress: 


fv3 


Mi  ^  P3 

^  d''’2Af 

\f-  f 

2 


f  y3  =  0  ksi 


f  y2  =  2.97  ksi 


0.153 


DEMAND  CAPACITY  RATIO  (DCR) 

C1 
^v3 
l^v 

f  v2 


OCR  := 


max(  OCR )  =  0.333 
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APPENDIX  D4 

San  Luis  Obispo  Shaft  Brace-to-Beam  Connection  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 

CONNEXION  :  typical  brace  connection  below 
(dwg.  S-4) 

ANALYSIS  RUN  :  SLO  1 ,  connection  at  foundation 


F  y  ;=  36  ksi  t  ^  :=  0.25  in 

AXIAL  CHECKS: 

Weld  of  L5x5x3/4  to  base  plate: 

throat  :=  0.707  t  ^  throat  =  0.177  in 

length  :=  2 -5  +  2 -4.25  -t-  2 -0.75  length  =  20  in 

R  ;=  throat-length  O.S  F  ^ 

<t>  v  f^nw= 
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Shear  Strength  of  Bolts: 

d  jj  :=  0.75  in 


^  nbolt  •“  ^  b'^  b’^ 

•t*  v  -R  nbolt  =  kips 

Bearing  Strength  at  Bolt  Holes; 


^  bearing  2.4  d  jj  O.S 
^  nbearing  ^  bearing’^  u’^ 

<l>Rnbearing=  196  kips 

Strength  of  L5x5x3/4:  (consider  only  leg  attached  to  L6x6x1/2) 
yield:  Ag:=  5  0.75  in^ 

ny  y’^  g 
(|)  y-P  ny  =  122  kips 

fracture:  A  „  ;=  A  g  -  0.75-(  .75  +  .125) 

I’  nf  •”  u'^  n 


(t)Ppf=135  kips 

DEMAND  CAPACITY  RATIO  fPCR) 


DCR  := 


<l>  y 


nw 


<t>  nbolt 


1 


v’l^  nbearing 
Pj 

<t>  y‘P  ny 

Pj 

y-P  nf) 


max(  DCR )  =  0.566 
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APPENDIX  D5 

San  Luis  Obispo  Shaft  Junction  Level  Beam  (W16  x  40) 

Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  l-shaped  members 
-Note  member  axis  definitions  below 

TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 

MEMBER  :  W16x40  ;  beam  at  junction  level 

ANALYSIS  RUN  :  SLO  1 
APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  ^  (+),  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 

P  ,|  :=  0.0  kips  M  .j  :=  0  kip  in 

V  2  :=  - 16.2  kips  M  2  :=  0  k'p  in 

V3:=0.0  kips  M  3  := -825  kip  in 

P  2  •“  i  ^  2  i 

Mi:=|M^j  M2:=jM2|  M3:=jM3 

P  3  ==  I  V  3  ! 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 


c: 

i 


the  1  axis  is  the 
longitudinal  axis  out 
of  the  page 
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SECTION  PROPERTIES 

A:=11.8  in^ 

J  ;=  0.79  in'* 

k  nt3  :=  1.0 

Ae:=A 

d  :=  11.8  in 

k  nt2  != 

1  3  :=  518.Cin‘* 

k  :=  1  -f-  —  m 

16 

k  |t3  :=  1.0 

1  2  :=  28.9  in'* 

t  yy  :=  0.305  in 

k  H2  1.0 

83:=  64.7  in^ 

b  f  :=  6.995  in 

Lbs  :=90.0 

$2  :=  8.25  in^ 

t  f  :=  0.505  in 

Lb2:=  199 

23:=  72.9  in^ 

22  :=  I2.7in^ 

Cyy  :=  1730  in'^ 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

(j)  b  :=  0.90 

G  :=  11200  ksi 

Fu  :=  58  ksi 

(j)  y  ;=  0.90 

Fr  :=  10  ksi 

Fyf  :=  Fy 

(j)  ty  :=  0.90 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

4,tf:=  0.75 

CALCULATED  PROPERTIES 

(TT 

Ayy  d  tyy 

A,;=2.b,.t, 

— 

h  :=  d-  2  k 

AXIAL  CHECKS 


TENSION  (LRFD  D,  p.  6-44) 


K  values  by  LRFD 
Table  C-C2.1 


(j)  ^  :=  0.85 
Cb-I.o 

C  [,  is  conservatively 
taken  equal  to  1 .0 


«t'P  nt  ==  e-'l»  ty-f'y-A.  ('!'  e)  - ^ 


(eq.  LRFD  D1-1) 
(eq,  LRFD  D1-2) 
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(f)P  =  382  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 


E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 

65 


Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


p_flange  •" 


'fv 

^  p_flange  “ 


r_flange  '■ 


141 


k 


r_flange 


^Fy  -  10 

=  27.7 


flange  ^  flange 


_  6.93  k  fi3nge<  ^  p_flange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


P..  :=l  P 


P  y  :=  Fy-A 


p_web 


:=  if 


/  P 


LL  ' 


.(2.33— , 
'^b-Py  /[i/Fy\  ♦b-f’y/  ^  \ 


“  >0.125'  ' 


2.33-  '' 


n-Py/ 


p_web 


:=  if 


[\«l>  b-Py 


.<0.125;, 


\  _ 


2.75 -P 


970 


Xrweb  :=  ^-i  1-0.74.. 


4^  \  ‘I’b-Py 
Pu  \ 


I .  p_web 


4^  \  't’  b  '^y/ 

^  p_web  =107  k  |■_web  “ 


member  values 


^  web  ' 


^  web  — 


^  web'^  ^  P_web 


OK 


V/ 


(eq.LRFD  E2-4) 
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/  ^  r  0  877 

F_-=  if  X.  c ^1-5, 0.658  -Fy,-.: - -Fy 


(eq.LRFD  E2-2) 


(eq.LRFD  E2-3) 


F  cr  =  15.4  ksi 


nc  ‘t’  c'^  cr'^ 


(eq.LRFDE2-1) 


(j)P  P  =  382  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 


3  -  3  AXIS 


p3_initial  3 


2  -  2  AXIS 
p2_initial 2 


M  y3  :=  Fy  S  3  M  y2  Fy  S  2 

M  p3  :=  if  (Fy  Z  3<1.5  Fy-S  3,  Fy-Z  3,  LS-Fy-S  3) 


M  o3  =  2624  kip  in 


M  p2  :=  if  ^Fy  Z  2^1.5  Fy  S  3,  Fy-Z  3, 1.5  Fy-S  2 
M  o2  =  446  kip  in 


(a) ;  l-shaped  members  and  channels 


2  -  2  AXIS 


Lp  :=. 


(eq.  LRFD  F1-4) 


K  /EG-J-A 

■sj‘4  2 


(eq.  LRFD  F1-8) 
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Cw/S3\^ 


X  2  4- - *1 - j 

2  I  2  \G  J/ 


M  r  :=  F  L-S  3 


(eq.  LRFD  F1-9) 


(eq.  LRFD  F1-7) 


F  L  ’ 


(eq.LRFDF1-6) 


nLTB  inelastic  ^  b' 


L  uo  —  L 
'-r  Lp  / 


(eq.  LRFD  F1-2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 

(a) :  l-shaped  members  and  channels 
3- 3  AXIS 


''''  nLTB  elastic  ==  ^  bT 


b2 


E-l  2-G  J  -f 


(  n-E 


b2 


•I  2-0  vj 


2  -  2  AXIS 

(eq.  LRFDF1-13) 


nLTB_elastic  ■"  nLTB_elastic-''^  p3’’'^  nLTB_elastic>*'^  p3)  (eq.  lrfd F1-12) 
M  nLTB_elastic  =  2112  kip-in 

^  n3  ■=  'f('-b2<Lp,M  p3,0) 

n3  ■=  'f[  (*-  p-*-  b2)  •  (•-  b2-'-  r)  * ''''  nLTBJnelastic>  n3] 

^  n3  '^[  (*-  r^*-  b2)  >  ^  nLTBJnelastiC’  n3] 


■''I  n2  p2 


M  n3  =  2552 


kip -in 


Mn2  =  446  kip -in 


Check  local  limit  states;  (LRFD  Appendix  F,  p.  6-111) 

^  flange  “  ^  p_flange 


M 


nFLB  =-  C  b- 


M 


p3  -  p3  -  r 


^  r_flange  "  ^  p_flange  j 
nFLB  •“  '^[  flange^  ^  p_flange)  ’  nFLB<  p3)  >  nFLB  >  ^  p3] 


(eq.  LRFDA-F1-3) 
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^  nWLB  ‘=  C  b'  p3  ~  p3  -  r)  1* 


/  ^  u/etK  “  ^ 


^  web  “  ^  p„web 
r_web  “  ^  p_web 


(eq.  LRFDA-F1-3) 


nWLB  ==  '^[  web>  ^  p_web)  nWLB<  ps)  >  nWLB’  ps] 


n3  ==  'f  nFLB<  n3>  nFLB  >  n3) 


M  n3  :=  if  .JM  nWLB<  n3’  nWLB>  n3) 

M  p3  =  2552  kip  in 

INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 


Mnt  :=0 
B1  :=  1 


NOTE:  As  the  product  of  M  pfBI  is  zero,  B1  was  set  to  1  for  simplicity. 


3  -  3  AXIS 
M  |t3  :=  M  3 


It3-^b3 

r3-jr  4  E 


M  |t2  •“  M  2 


X  nO 


_  ^  It2  '-  b2  /Py 


r o-Jt  N  E 


A  Fy 


A  Fy 


B23;=. 


B2  2  := 


B2  3=1 


B22=  1 


u3  nt  T  It3’®'*  ''^  nt  T  S  It3 


M  ^2  ■=  if(P  1>0,M  nt  +  ^  It2’®’*'^  nf*"  2’’'^  It2 


M  y3  =  825  kip  in 


M  y2  =  0  kip  in 
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Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1.0 


C:=  if 


u  u  8  /  u3 

.>0.2, - -t-  — I - - - +. 


M 


u2 


M 


u3 


M 


u2 


[<l>Pn  't'P  n  ^  \<l>  b'*^  n3  b'^^  n2/  2-<|)P  n  \'t' b’*'^  n3  'I*  b  ''^  n2/ 
(eq.  LRFDHMa)  (eq.  LRFD  H1-1b) 

C  =  0.359  (including  strength  resistance  factors) 


Cl  :=  if 


->0.2, 


P  u  8  u3  M  P  u  /M  u3  M 


u2 


‘t'Pn  ‘t'Pn  ^\''^n3  n2/  n  \'''’ n3  n2 

0.85  0.85 

Cl  =  0.323  (excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2.  p.  6-56) 
3  -  3  AXIS 


2  -  2  AXIS 


r1  := . 


‘  w 
418 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


r2  := 


-^Fyw  rl  =  69.7 
523 


Vn3  :=  0.6.Fyf.Af 


/^Fyw 

Vn2  :=  if(^^r1 ,0.6  Fyw  A^,0 


r2  =  87.2 


418 

( r1  )  •(  >.  ^r2 ) ,  0.6.FywA  ,  V  ^2 


\»w 


V  n2  :=  if 
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V  n2  :=  if 


t2<X,- 


132000A 


w 


V 


n2 


w/ 


V  n3  =  153 


kips 


•(•V  n3  ■=  ^  v’^  n3 


V  n2  =  77.7  kips 
<t)V  n2  :=  ^  n2 


(t)V  p3  =  137  kips 


(|)V  p2  =  70  kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 


Limiting  Shear  Stress  Value 
F  y  :=  0.6  (}.  y-Fy 

Combined  Shear  and  Torsion  stress: 


(eq.  LRFD  H2-2) 


M 


v3 


f- 


2A< 


fv3  =  0 


ksi 


f  y2  =  4.5  ksi 


=  0.232 

Fv 


DEMAND  CAPACITY  RATIO  fPCR) 


OCR  := 


C1 
f  v3 
Fv 

f  v2 

Fv 


max(DCR)  =  0.323 
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APPENDIX  D6 

San  Luis  Obispo  Brace  Between  Junction  and  Walkway 
(L6  X  6  X  1/2)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed.  1994,  pp  6-277) 


NOTES :  -This  Sheet  is  for  Single  Angle  bracing  members 
-Note  member  axis  definitions  below 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 

MEMBER  :  L  6x6x1/2  ;  Bracing  between  Junction 

Level  and  Walkway  Level  in  compression 


ANALYSIS  RUN  :  SLO  1 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 


MAXIMUM  REACTION  : 


P 

P 


u 

u 


:=  58.4  kips 


b 


z 


w 


rz 


I 

X 


^  I 

1 


Z- 


t 

I 

± 


7 


a 


w 


Pu 


ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 


SECTION  PROPERTIES 


b  :=  6.0  in 

t  :=  0.5  in 

A  g  :=  5.75  in^ 

I  ^  :=  19.9  in'* 


L  :=  8.62  ft 
X  :=  2.875  in 
y  :=  0.25  in 
a  :=  45.0  deg 


r^  :=  1-18  in 
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MATERIAL  &  CODE  PROPERTIES 


F  y  :=  36  ksi 
E  :=  29000  ksi 


k  :=  1.0  (|)  :=  0.9 

Cb-1.0  (t.b-0-9 

C^:=1.0 


CALCULATED  PROPERTIES 

4  :=  x  sin(a  deg)  -  y-cos(a-deg) 


r\  ;=  x  cos(a-deg)  - 


(cos(a-deg)) 


sin  (a -deg) 


sin  (a -deg) 


^  =  1.86 
^  =  2.21 


w  :=  T)  -  r  2  w  =  1.03  in 

z  ;=  ^  z  =  1.86  in 


distance  from  minor  principal  axis 
distance  from  major  principal  axis 


AXIAL  CHECKS 

COMPRESSION 

check  if  slender  element,  determine  reduction  factor ,  Q 
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x,:-.h±ii.ly 

^  r^.K  4  E 


X  c  =  0.983 


F  pp if| 


X~-4^<h5,Q- 


(  c 

\0.658 


•F 


0.877 


■  F, 


T'  y 


Fcr  =  24 


ksi 


P  n  ^  g  P  cr 


nominal  strength  for  compression 


P„=138 


kips 


BENDING  CHECK 

Bending  about  principle  axes  (5.3,  pp.  6-285) 


M 


oB  ■= 


Cb0.46.Eb^t^ 

1-12.0 


Mob=  1161 


kip -in 


:=  b  sin(a  deg) 


My-=Fy- 


w 


w 


M  y  =  270 


kip  in 


5.1.3.  Limit  state  of  lateral-Torsional  Buckling 


nwLTB  == 


M 


Mob\..  L 


oB<M  y,  1^0.92  -  0.17--^ j-M  oB.  1 1-58  -  0.83- 


M. 

“ob' 


(EQ  5-3a) 
(EQ  5-3b) 


M 


nwLTB  •-  nwLTB>  1-25-M  y,  1.25.M  y,  M  nwLTB 


^  nwLTB  ^1*  kip  in 


5.1.1.  Limit  State  of  Local  Buckling 
I 


®  w  ■“ 


w 


'  w 


272 


USACERLTR  99/04 


I - 

b 

nwLB  ==  if 

_>  0.382- J.— ,  F  y-S 

j  y 

1.25  -  1.49- 

^  -1 

,1.25Fy.S^ 

0.382-  — 

- 1 

>. 

u. 

_ 1 

M  nwLB  ==  if  i 7>  0-446-  j^,Q  F  yS  M  ^^lb] 

r  y  / 

''^nwLB  =  294  kip  in 


nw  •“  if  nwLB^  i'^  nwLTB’  i'^  nwLB>  ^  nwlTs) 


Mn^  =  294  kip  in 

Minor  Principal  Axis  (z-z)  Bending 


CzTip  •=  b  cos(a  deg)  — - 


sin  (a -deg) 


(  1  \ 

•\^cos(a  deg)  -  ^)  -^2. 


'zTIP 


=  3.42 


^zCORNER  =- •‘z 

C  z  :=  if  (C  2t|p>  C  zCORNER  >  ^  zTIP  ’  ^  zCORNEr) 


1.25Fy-S2 


M 


nzLB  ==  if 


Q  Fy  Sz.M  n^LB 


^  nzy  f  -25  F  y  S  ^ 

nz  if  (w>  0 ,  M  nzLB’  ^  nzy) 


nzLB  =  92 

kip -in 

O 

il 

kip -in 

nz  =  92 

kip -in 
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Determine  Moment  Amplification  Factors 


71^-E 


e1w 


^k-L-12.0' 


-A, 


^  e1w  “ 


B 


w 


m 


1w 


1 


e1w 


®  1w  •”  ®  1w> 


B  107 


uw  •“  !  ®  u 


Muw  =  116 


kip  in 


e1z  •“ 


Tt^-E 


/k-L-12.0\^  ® 


\  'z 

C, 


m 


1z 


1 


e1z 


Peiz  =  2l4 


6^2  =  1-37 


Biz  :=if(B  i2^10,Bi2,10 


Muz-i  Biz-w  Pu 


M  yz  =  82.7 


kip  in 


INTERACTION  EQUATIONS 


DCR  :=  if 


M 


uw 


M 


uz 


M 


uw 


M 


uz 


(|)  Pn  <l>  Pn  ^  I*!*  b'^  nw  't'b'^nz/  ^  \*t*b‘l'^nw  •I’ b’^  nzi 


DCR  =  1.75  includes  resistance  factors 


DCR  :=  if 


_>0.2,^+4 

P  n 


Pu  87''''uw  ■'''uzl  Pu 


^  UW  ^  uz 


^  n  ^  nw  nz/  n 


>  M  nw  nz  y 


DCR  =  1.57  excludes  resistance  factors 
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APPENDIX  D7 

San  Luis  Obispo  Beams  at  Base  of  Mullions  (W8  x  35)  Evaluation 

(based  on  AISC-LRFD,  2nd  ed..  1994) 


NOTES :  -This  Sheet  is  for  l-shaped  members 
-Note  member  axis  definitions  below 


TOWER  :  steel  Braced  Frame  (San  Luis  Obispo,  CA)  2 

MEMBER;  W8x35  :  BeamatBaseofMullion  _ 

i _ 

ANALYSIS  RUN  :  SLO  1 

APPLIED  LOADS  :  100%  NEHRP-97  + self  weight 

MAXIMUM  REACTIONS  : 

P  ^  (+),  positive,  represents  tension 

P  1  (-).  negative,  represents  compression  ! 


P  ^  :=  9.2 

kips 

M  1  kip  in 

the  1  axis  is  the 
longitudinal  axis  out  of  the 

V  2  :=  7.4 

kips 

M  2  :=  - 154  kip  in 

page 

V3:=-1.9 

kips 

M  3  :=  663  kip  in 

P2:=|V2i  . 

P3-IV3I 

Mi:= 

M  1  M  2  :=  1  M  2 

M  3  :=  M  3 

ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 


A  :=  10.3  in^ 

J  :=  0.77  in" 

k  nt3  :=  1-0 

Ae-A 

d  :=  8.12  in 

k  nt2  :=  1.0 

1  3  :=  127.  in'* 

k  :=  1  +  —  in 

16 

k  |t3  :=  1.0 

K  values  by  LRFD 

Table  C-C2.1 

1  2  :=  42.6  in" 

t  ^  :=  0.310  in 

k  |t2  :=  1.0 

83:=  31.2in^ 

b  f  :=  8.020  in 

L  b3  :=  120  in 

82==  10.6in^ 

tf:=  0.495  in 

L  1^2 

23:=  34.7  in^ 

Z  2  :=  16.1  in^ 

C^:=619  in^ 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  36  ksi 

(j,  b  :=  0.90 

00 

0 

II 

0 

G  :=  11 200  ksi 

Fu  :=  58  ksi 

(j)  y  :=  0.90 

.  Cb:=1.0 

Fr  :=  10  ksi 

Fyf  :=  Fy 

(f)  ty  :=  0.90 

C 1,  is  conservatively 
taken  equal  to  1 .0 

Fl:=  Fyf-  Fr 

Fyw  :=  Fy 

(j)  ^  :=  0.75 

CALCULATED  PROPERTIES 


Af  :=  2  bftf 

h  ;=  d-  2  k 


AXIAL  CHECKS 

TENSION  (LRFD  D.  p.  6-44) 

•I’f’  nt 


(t)P  =  334  kips 


(eq.  LRFD  D1-1) 
(eq.  LRFD  D1-2) 
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COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 
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Flanges  of  l-shaped 
rolled  beams  and 
channels  in  flexure 
(for  b/t  ratio) 


p_flange  •  ~f= 

VFy 

^  p_flange  “ 


flange  ■" 


2-t, 


^  flange  “ 


r_flange  • 


141 


^Fy  -  10 

^  r_flange  “ 

^  flange"^  ^  p_flange 


Webs  in  combined  ^  u  |  1  i 

flexure  and  compression 

(for  h/t  ratio)  P  :=  Fy-A 


\\!  Pu  \ 

i2L./2.33  - 

P  u  ^  253 

221.(233- 

P  u  \  253 

[\<t'bPy  / 

.4^  \ 

•I’b-Py/'^, 

b-Py/ 

^  p_web  •" 


I  Pu 
\'l>  b'P 


’  I  4^  \  ^  b'P  y 


p_web 


>  -  /i 

^  r  web  '  p=  !  * 

\ 


P 

0.74- - 


U 


<l>  b’P 


^  p_web  ~ 

member  values 

>  - 
^  web •  T — 

‘  w 


^  r  web  “ 


^  web  “ 


^web''^p_web 


X 


c 


/•'itS'^bS  '^It2  >-b2  ^ 
- >- - 

••3  T2 


(eq.LRFD  E2-4) 


A.  c  =  0.383 


Fcr:=  ifj  X  c:^1.5,0.658  .Fy,.lll:-Fy 


(eq.LRFD  E2-2) 


F  =  33.9  ksi 


•  \ 


(eq.LRFD  E2-3) 
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<t»P  nc  •  *t»c'^cr‘^  (eq.LRFDE2-1) 

(|)P  p  :=  if^P  ^<0,i|)P  nt) 

<|,P  P  =  334  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1.2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 


3  -  3  AXIS 
p3_initial  3 

M  y3  :=  Fy  S  3 


2  -  2  AXIS 
p2Jnitial 2 

M  y2  :=  Fy  S  2 


M  p3  :=  if  (Fy  Z  3<1.5.Fy  S  3,  Fy  Z  3, 1.5-Fy  S  3) 

M  p2  :=  if  (FyZ  2^1.5-Fy.S  2,  FyZ  2, 1.5FyS  2) 


M 


P3 


=  1249  kip  in 


(a) :  l-shaped  members  and  channels 
3  -  3  AXIS 


300  r- 


Lp:= 


(eq.  LRFD  F1-4) 


Mp2  =  572  kip -in 


2.:.2,A^ 


(eq.  LRFD  F1-8) 

(eq.  LRFD  F1-9) 

(eq.  LRFD  F1-7) 
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Fl  '• 


(eq.  LRFD  FI -6) 


nLTB  inelastic  ^  b* 


“p3-(Mp3-“r)!-i^^) 


(eq.  LRFD  FI-2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 
(a) :  l-shaped  members  and  channels 


3-3  AXIS 


2  -  2  AXIS 


nLTB  elastic  •“  ^  I 


b2 


\'-  ba/ 


nLTB_elastic  nLTB_elastic~^  p3’  ^  nLTB_elastic’  p3)  fi-12) 

M  nLTB.elastic  =  >249  kip-in 

n3  ■■  b2<  L  p,  M  p3, 0)  M  ^2  M  p2 

n3  '^[  (*-  p^*-  b2)'(*-  b2-*-  r)  >  nLTBJnelastiC’  n3] 

n3  '^[  (*-  r-^  b2)  ’  nLTBJnelastiC >  ^  ns] 

M  p3  =  1249  kip-in  n2  ~  ^^2  kip-in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 


nFLB  “  ^  b' 


M 


p3  -  p3  -  r 


^  flange  “  ^  p_flange 


^  r_flange  ~  ^  p_flange  j 
^  nFLB  •“  '^[  flange^  ^  p_flange)  ’  nFLB^  ^  p3)  ’  ^  nFLB  >  p3] 


(eq.  LRFDA-F1-3) 


nWLB  ^  b‘ 


M 


p3  -  p3  -  r 


I  ^  web  “  ^  p_web 


r_web  “  ^  p_web/ J 
nWLB  •“  web^  ^  p_web) '  nWLB”^  p3)  >  ^  nWLB  >  ps] 


(eq.LRFDA-F1-3) 
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M  n3  :=  if  (M  nFLB<  n3  >  nFLB  >  ns) 

M  n3  :=  if(M  nWLB<''^  n3>  nWLB>  ns) 
Mn3=  1249  kip  in 


INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 


Mnt  :=0 


B1  :=  1 


NOTE:  As  the  product  of  M  zero,  B1  was  set  to  1  for  simplicity. 


3-3  AXIS 
M  |t3  :=  M  3 


2  -  2  AXIS 


M  u2  M  2 


c3 


^  It3-^b3 

r^-n  '\Ie 


c2 


3-' 
A  Fy 


*^lt2  '-b2 
r2-Jt  N  E 


2’ 

A  Fy 


B23:= 


!_3  - 

>^c3' 

1 

1  -- 

Pl| 

B2o:= 


e2  3 


!_2  - 

^02' 

1 

1  -- 

Pli 

e2  2 


B23=1 


B2  o  =  1 


^  u3  •“  1>0,M  +  It3>®‘’’*'^  nfh  3  M  1^3) 

M  u2  :=  if(P  1>0.M  nt  It2>®'’'*'^  nt  +  2-M  |t2} 

M  u3  =  663  kip  in  M  ^2  =  154  kip  in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 
let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1 .0 
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P..  :=  P 


C  :=  if 


M 


u3 


M 


u2 


/  M 


u3 


M 


u2 


‘t’P  n  ^  'y'l>  b  n3  *f'b‘'^n2/  2  «|>P  n  \<l>  b'*'^  n3  ^  b'^  n2J 

(eq.  LRFDH1-1a)  (eq.  LRFD  H1-1b) 

C  =  0.902  (including  strength  resistance  factors) 

P 


C1  :=  if 


u  u  8  u3  u2\  u  u3 


->0.2,. 


•t-Pn  'l>Pn  9'\Mn3  M  ^2/  ^  ^  \M  n3  M  ^2/ 


Mu2\ 

+  — -  I 


0.85 


0.85 


C1  =  0.81 1  (excluding  strength  resistance  factors) 
SHEAR  (LRFD  F2,  p.  6-56) 


3  -  3  AXIS 


2-2AXIS 


X  :=■ 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 

Vn3  :=  0.6  Fyf  Af 


r1  := 


r2  ;= 


‘  w 
418 
>^Fyw 
523 
-^Fyw 


r1  =  69.7 

r2  =  87.2 


Vn2  :=  if(>.<r1,0.6  Fyw  A^,0) 


V  n2  :=  ifl 


V  n2  :=  ifl 


(r1  <X.)(X,<r2),0.6FywA 


418 

-^Fyw 


w  ■ 


n2 


r2<A.,. 


132000A 


w 


.Vn2 


Vn3=171  kips 
<t>V  n3  :=  (t>  v-V  n3 


V  n2  =  54.4  kips 
n2  :=  <l>  n2 
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(|)V  n3  =  kips  (t)V  ^2  =  48.9  kips 

Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F  y  :=  0.6-(t)  y-Fy  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress; 


max(DCR)  =  0.811 
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APPENDIX  D8 

San  Luis  Obispo  Cab  Muliion  to  Beam  (W10  x  26)  Connection 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 

CONNETION  :  Typ.  moment  connection  at  muliion  base 
(dwg.  S-3) 

ANALYSIS  RUN  :  SL0 1 


APPLIED  LOADS  :  100%  NEHRP-97  + self  weight 


MAXIMUM  REACTIONS  : 

P  ^  (+),  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 


P  :=  5.2 

kips 

M 

i:=-49 

kip-in 

V2  :=  -1.9 

kips 

M 

2  :=  -484 

kip -in 

V  3:= -14.3 

kips 

M 

3:= -121 

kip -in 

The  1  axis  is  out  of  the  page 


P2 


P 


M  ^  :=  I  M  ^  j  M  2  :=  I  M  2  j  M  3  :=  |  M  3 


PROPERTIES 

flange  •”  ^ 

TS  web  ==  * 

curvature 
b  f  ;=  5.770  in 


1  5 

leg  ;=  —  in 
16 

throat  :=  0.707  leg 

^  plate 
^  plate  *“ 
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*j:< 


MATERIAL  &  CODE  PROPERITIES 


Fyy:=70 

ksi 

<l>  V 

:=  0.75 

Fb- 48 

ksi 

4,  := 

0.75 

F  u  ••=  58 

ksi 

•I)  y  ' 

;=  0.90 

F  y  :=  36 

ksi 

AXIAL  CHECK: 

Axial  load  on  weld  from  mullion  to  base  plate: 

<|)R  n  •“  '!>  y ■throat-0.6-F  +  2-TS  f|3nge)  •1’^  n  ~ 

BENDING  CHECK: 


Weld  of  mullion  to  base  plate: 

(|»M  ;=  (|)  y  throat  0.6  F 

flange*^^  ^©9)  i-  TS  vveb'"^]  nx  " 

kip -in 

<t»M  ny  :=  «|)  y-throat-0.6  F 

web*(^  -h  leg)  -t*  TS  flange’^]  ny  “ 

kip -in 
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weak  axis: 

<i)Vn  :=  (|)  y  0.6  Fy  (bf+ l)  t  plate  „  =  148  kips 

(t)M  ay  :=  (t)V  a-TS  flaage  ^1^  ^  592  kjp.jn 


INTERACTION: 

Weld  from  mullion  to  base  plate  controls  the  moment  allowables: 
(t)M  ax  •=  454  kip  in 

(j)May:=  296  kip  in 


P  1  Mo 

DCR  := — _  + - —  + 

(f)R  a  <t)M  ax 


M2 

4>Mny 


DCR  =  1.93 
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APPENDIX  D9 

San  Luis  Obispo  Muliion  (TS  8  x  4  x  1/2)  Above  and  Below  Windov 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  member  axis  definitions  below 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 
MEMBER  :  TS  8x4x1 /2  ;  corner  muliion 
ANALYSIS  RUN  :  SLO  1 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  ^  (+),  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 


P  ^  :=-17.5  kips  M  ^  :=-49  kip  in 

V2:=-1.9  kips  M  2  := -484  kip  in 

V  3:= -14.3  kips  M  3  := -121  kip  in 

P2:=:  V2 

P3“|V3  Mi:=jMi|  M  2  :=  |  M  2 


the  1  axis  is  the 
longitudinal  axis  out 
of  the  page 


“3-|“3i 


ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml ,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 


A  :=  10.4 

in2 

1  3  :=  75.1 

1  2  :=  24.6 

in^ 

Z  3  :=  24.7 

in' 

Z2  :=  15.0 

in' 

J  ;=  64.1 

in^ 

d  :=  8  in 

t  ^  :=  0.5  in 

b  f  :=  4.0  in 

t  f  :=  0.5  in 


k  0.8 

k  nt2  :=  0.8 
k  |t3  :=  2.10 

k  1^  2.10 

Lb3:=  39.75  in 

L  ^2  30.00  in 


K  values  by  LRFD 
Table  C-C2.1 


MATERIAL  &  CODE  PROPERTIES 

E:=  29000  ksi 

Fy  :=  46  ksi 

4)  jj  :=  0.90 

<1,  c  :=  0.85 

G  ;=  11 200  ksi 

Fu  :=  58  ksi 

^  y  :=  0.90 

Cb-  1.0 

Fr  :=  10  ksi 

Fyf  :=  Fy 

(|,  ty  :=  0.90 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

,|,tf:=  0.75 

CALCULATED  PROPERTIES 

Ae:=A 
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0.519 

X  c<  1.5,0.658^*'  •Fy,®'^^^-Fy''| 

(eq.LRFD  E2-2) 

Xc"  / 

(eq.LRFD  E2-3) 

=  41.1  ksi 

(t»P  nc  :=  <('  c’^  Cr‘^  (eq.LRFD  E2-1) 

(|)P  PI  :=  if^P  -|<0,(j)P  nc, 

(jjP  P  =  363  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3  -  3  AXIS  2  -  2  AXIS 

^  p3Jnitial  •"  3  p2_initial  2 

y3  3  M  y2  :=  Fy  S  2 

M  p3  :=  if  (Fy.Z  3<1.5.Fy.S  3,  Fy-Z  3,  l.S-Fy-S  3) 

M  p2  :=  if  (Fy  Z  2<1.5  Fy  S  2,  Fy-Z  2, 1.5-Fy  S  2) 
Mp3  =  1136  kip-in  M  p2  =  690  kip-in 

(a) ;  rectangular  bars  and  box  sections 

3-3AXIS  2-2Mlg. 

I  M.LRFDF1.5) 

Mp3 


M  r  :=  Fyf-S  3 
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57000  r  2  rjj  (eq.  lrfd  F1-10) 


^  nLTB  inelastic  ^  b' 


M 


P3-  0 


M 


p3- 


Mr) 


(eq.  LRFD  F1-2) 


nLTBJnelastic  = 

2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 

(a) :  l-shaped  members  and  channels 

3  -  3  AXIS  2  -  2  AXIS 

57000  C 

nLTB_elastic  •  Jl'^ 

nLTB_elastic  nLTB_elastic-*^  pS’*'^  nLTB_elastic>*^  ps)  (eq  LRFDFi-i2) 

nLTB_elastic  =  ^136  kip  in 

“n3“l'('-b2<'-p.Mp3.l>)  “n2-=“p2 

n3  ■"  '^[  (*-  p-*-  b2)  ■  (*-  b2-*-  r)  >  ^  nLTBJnelastic*  ^  n3] 

n3  ■■  '^[  (*-  r-*-  b2)  >  ^  nLTBJnelastic*  n3] 

Mp3  =1136  kipin  M  p2  =  690  kipin 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 


nFLB  =-  ^  b’ 


Mp3-(M  p3-Mr) 


^  flange  “  ^  p_flange  \ 


(eq.  LRFDA-F1-3) 


^  r_flange  “  ^  pjiange  / 

^  nFLB  ==  '^[ (3-  flange> ^  p_flange) nFLB< ^  pa) , M  nFLB* p3] 

Mp3-(M  p3-M  r)  I - — - L  =■■■■_  I  I  (eq.  LRFD  A-F1-3) 


nWLB  ==  C  b’ 


'  ^  r_web  “  ^  p_web  / 


M 


nWLB  =-  '^[  web>  ^  p_web) '  (•^  nWLB<  ^  pa) ,  M  py^LB  *  p3] 


290 


USACERLTR  99/04 


M  p3  :=  if  (^M  nFLB<  n3’  nFLB  >  ns) 

M  n3  :=  if(M  nWLB<’^  nWLB>''^  ns) 
Mn3=1136  kipin 

INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 


B1  :=  1 


NOTE:  As  the  product  of  M 

Pj  BI  is  zero,  B1  was  set  to  1  for  simplicity. 

3  -  3  AXIS 

2 -2  AXIS 

^  It3  3 

M  |t2  M  2 

,  ^  It3  '-  b3  I 

^c3  ==— - • 

r3-Tc 

Fy  ,  't2-L  b2  llFy 

_  ^  c2  ‘  Ip 

p  A  Fy 

P  e2  3  -  , 

"  ^c3 

p  A  Fy 

P  e2  2  -  2 

“  ^C2 

P2  n  —  ^ 

B2  -)  •=  ^ 

3  ■  I  p  I 

1-  '  ^ 

,J"’ 

P  e2_3 

P  e2_2 

B2  3  =  1.01 

B2  2  =  1.01 

M  u3  nt  +  It3’®''  *^  nt  3-^  its) 

M  ^2  :=  i^(P  1>0,M  -1-  M  |t2,B1M  pj  -i-  B2  2  M  142) 

Mu3=122  kip  in  M  ^,2  =  489  kip  in 

Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 


let  C  =  combination  factor 
NOTE:  C  should  be  less  than  or  equal  to  1.0 
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P  :=  P 

r  u  • 


C:=  if 


M 


u3 


M 


u2 


M 


u3 


M 


u2 


't’Pn  'I’Pn  ^\'t>  b-''^n3  't' n2/  2-«|)P  n  \<t' b'*'^  n3  b’l^  n2/ 

(eq.  LRFD  H1-1a)  (eq.  LRFD  H1-1b) 

C  =  0.93  (including  strength  resistance  factors) 


C1  :=  if 


■  >0.2,. 


U3  ^  “  u2' 

'“u3^Mu2'j 

\’'^n3  '''’n2/ 

I’  ^Pn  ' 

n3  n2/ 

0.85 

C1  =  0.836 


SHEAR  (LRFD  F2,  p.  6-56) 
3  -  3  AXIS 


0.85 

(excluding  strength  resistance  factors) 


2  -  2  AXIS 


A,  :=. 


r1  ;= 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 

Vn3  ==  0.6Fyf.Af 


r2  := 


fw 

418 

>^Fyw 

r1  =  61.6 

523 

i^Fyw 

r2  =  77.1 

V  p2  ==  if^A^rt  ,0.6  Fyw  A,(y,,0 


V  ,2  :=  if 


V  n2  :=  if 


418 


(r1  ^A)(A<r2),0.6FywA  ^ 


A 

w’”r: — r  > 


V 


n2 


r2<A,. 


132000A 


w 


V 


n2 


‘w 


n3  ^  n3 

(t>V  p3  =  99.4  kips 


(t>V  n2  <l>  v  n2 

(l»V  n2  = 
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Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F  V  :=  0.6.4,  v-Fy  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress: 


^  o  (*^  f  “  ^  f)  ■  ~  ^  w) 

P3 

f  vS  - - "I - 

''3  2.tfAo  2.Af 


fv2 


M 

2tfAo 


+ 


P2 

2Aw 


fv2  =  1-99 


ksi 


v2 


=  0.08 


f  y3  =  3.65  ksi 


v3 


=  0.147 


DEMAND  CAPACITY  RATIO  rPCR) 

C1  ■ 

^v3 

^  m2 


OCR  := 


max(DCR)  =  0.836 
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APPENDIX  D10 

San  Luis  Obispo  Mullion  (TS  8  x  4  x  1/2)  Within  Window  Span 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  member  axis  definitions  below 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 
MEMBER :  TS  8x4x1/2  ;  corner  mullion 

ANALYSIS  RUN  :  SLO  1 
APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 


MAXIMUM  REACTIONS  : 

P  ^  (+).  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 


^  :=  -9.5  kips 

M  .|  :=  1  kip  in 

2  :=  -3.8  kips 

M  2  ■=  -307  kip  in 

3  :=  -5.9  kips 

M  3  :=  -316  kip  in 

2  ®  ''  2 

3-=i  V3 

M  .]  ;=  1  M  .j  1 

P 

I 


the  1  axis  is  the 
longitudinal  axis  out 
of  the  page 


ANALYSIS  NOTES 

-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 

A  :=  10.4  in^ 

d  :=  8  in 

^  nt3  ■= 

1  3  :=  75.1  in'* 

t  ^  :=  0.5  in 

k  nt2  ==  0.8 

K  values  by  LRFD 
Table  C-C2.1 

1  2  :=  24.6  in'* 

b  f  :=  4.0  in 

k  ,t3  :=  2.10 

Z  3  :=  24.7  in^ 

t  f  :=  0.5  in 

k  1=  2.10 

Z2  :=  15.0  in^ 

L  b3  •“  •f’ 

J  :=  64.1  in'* 

L  ^2  •”  93.6  in 

MATERIAL  &  CODE  PROPERTIES 

» 

E  ;=  29000  ksi 

Fy  :=  46  ksi 

((>13:=  0.90 

4)  :=  0.85 

G  :=  11 200 ksi 

Fu  ;=  58  ksi 

^  y  :=  0.90 

Cb:=1.0 

Fr  ;=  10  ksi 

Fyf  :=  Fy 

d 

11 

F  L  :=  Fyf  -  Fr 

Fyw  ;=  Fy 

<l>  tf  :■  0-^^ 

CALCULATED  PROPERTIES 


Ae:=A 


A  2  d  t  ^ 
A  ^  !=  2-b  ^ 

h  :=  d-  3  tf 
b:=bf-3t^ 
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AXIAL  CHECKS 


TENSION  (LRFD  D,  p.  6-44) 

<1>P  nt==  ifr«t>  tyFy-A,(4.  ty^y-A]  <®''- 

\  /  J  P^_2) 


(t>P  =  431  kips 


COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 


Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 


Flanges  of  square 
and  rectangular  box  and 

1  - 
^  p  flange  ’  , — 

Vpy 

- 

^  r  flange  ■  p= 

VFy 

hollow  structural  sections 
(for  b/t  ratio) 

^  p_flange  = 

^  r_flange  = 

flange '  ^ 


=  —  X 


flange 


=  5 


^  flange"^  ^  p_flange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==  P 


P  y  :=  Fy-A 


^  p_web 


f['  >0  J. 

iiL.('233  - 

P  u  \  253 

i!i./2.33  - 

P  u  253 

_[\'l>bPy  / 

'I'b-Py/ 

»  1 -  t 

.  4^  \ 

'•’b-Py/ 

^  p_web  •“ 


/  P 


640  /.  2.75-PJ 


^0.1251, 1  - 


[  \'t>  b-Py  j  4^  \  ^  b'Py 


A  p_web 


970 


r  web  •“ 


•I  1  -  0.74- 


4^\  '•’b-Py/ 


^  p_web  “  ^  r_web  “ 

member  values 

•  w 


«  II  A 

^  web  ■“  ^  web 


=  13 


^  web'^  ^  p_web 
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.y*^lt3‘*-b3  k|t2  Lh'5  kit-^-L 
- > 

\  '■3  '2 


Z  *-  b2  ^  It3-^b3  ^  lt2-‘-b2 

r 2  r  o-Tc  E  r o-Jt  'v  E 


(eq.LRFD  E2-4) 


X,  c  =  1-62 


/ 


0.877 


F  cr  :=  if!  0.658  "  -Fy.-lllI^-Fy 


(eq.LRFD  E2-2) 


(eq.LRFD  E2-3) 


Fcr=15.4  ksi 


<t>P  nc  ’■  *f’  c'^  cr"'^ 


(eq.LRFD  E2-1) 


n  nt) 


(|)P  n  =  136 


kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1.2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3  -  3  AXIS  2  -  2  AXIS 

^  p3Jnitial  3  p2Jnitial 2 

M  y3  :=  Fy  S  3  M  y2  :=  Fy  S  2 

p3  •=  3<1.5  Fy  S  3,Fy  Z  3, 1.5  Fy-S  3) 

Mp2  :=  if(Fy  Z2i^l.5  Fy  S2,Fy  Z2,1.5  Fy  S2) 
Mp2  =  690  kip -in 


Mp3  =1136 


kip -in 
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(a) :  rectangular  bars  and  box  sections 
3  -  3  AXIS 


2  -  2  AXIS 


3750-r9  , — 
Lp:=__^.VjA 
^p3 


(eq.  LRFD  F1-5) 


M  r  :=  Fyf-S  3 


57000  r2 


(eq.  LRFD  F1-10) 


..  /»•  ./•  N  /*■  b3“  ^  p 

nLTBJnelastic  b'  p3  "  p3  "  r)  I  -; - j — 

\  '-r-  ‘-p 

nLTB  inelastic  = 


(eq.  LRFD  F1-2) 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 


(a) :  l-shaped  members  and  channels 
3 -3  AXIS 


2 -2  AXIS 


57000  CbVJA 


nLTB  elastic 


(eq.  LRFD  F1-14) 


\^2/ 

nLTB_elastic  •"  nLTB_elastic^*'^  p3>  nLTB_elastiC’  p3)  •-RFDFI-12) 


nLTB  elastic  = 


n3  ==  b2<Lp>'^  p3>® 


n2  p2 


n3  '■  '^[  (*-  p-^  b2)  ■  b2^*-  r)  >  nLTBJnelastic*  ^  ns] 


n3  r^*-  b2)  >  nLTBJnelastic*  n3] 


Mp3  =1136  kipin 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 


nFLB  =-  C  b-  M  p3  -  (M  p3  -  M  ^ 


^  flange  “  ^  p_flange 
^  rjiange  “  ^  p_flange 


M  n2  =  690  kip-in 


(eq.  LRFDA-F1-3) 
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M 

M 


nFLB  •"  flange^  ^  p_flange) '( 


nWLB  ^  b 


Mp3-(M  p3-Mr) 


nFLB<''^  ps)’*'^  nFLB 

I  ^  web  “  ^  p_web  \ 
r_web  ”  ^  p_web/ 


(eq.  LRFD  A-F1-3) 


nWLB  ==  '^[  web>  ^  p_web)  nWLB<  p3)  >  nWLB>  ps] 
M  n3  :=  if  (M  npL0<  M  ^3,  M  ^PLB >  ns) 

M  n3  :=  if  (M  nWLB<  n3>  nWLB>  ns) 


Mp3  =1136  kipin 


INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 

Mnt  :=0 
B1  :=  1 


NOTE:  As  the  product  of  M  p{  B1  is  zero,  B1  was  set  to  1  for  simplicity. 


3-3  AXIS 


M  |t3  :=  M  3 


c3 


_  ^  It3  ‘-b3 
r^-n  E 


e2  3 


623:= 


3 

A  Fy 

^C3' 
1 


1  - 


1 


e2  3 


2  -  2  AXIS 
2 


M  l=  M 


c2 


^  It2-^b2 
ro-n  'V  E 


2' 

A  Fy 


B2  2  := 


!_2  - 

,  2 

^  C2 

1 

1  -- 

P1 

e2  2 


B2  3  =  1.02 


B2  2  =  105 
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M  u3  ■■  1>0,M  +  M  |t3,B1-M  nt  +  ^2  3-M  |t3j 

M  y2  !=  •f(P  1>0.M  nt  +  nt ‘t’  ^2  2  M  ^2) 


My3  =  321  kipin 


M  y2  =  324  kip -in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  H1.1,2  p.  6-59) 
let  C  =  combination  factor 
NOTE;  C  should  be  less  than  or  equal  to  1.0 


P..:=  P 


C  :=  if 


M 


U3 


M 


u2 


M 


u3 


M 


u2 


[<f>Pn  't'P  n  ^  \‘t’ b'*^  n3  *l*  b'*'^  n2/  2  <|)P  n  \'t>  b'*'^  n3  "t*  b'"'^  n2/ J 

(eq.  LRFD  H1-1a)  (eq.  LRFD  Hl-lb) 

C  =  0.871  (including  strength  resistance  factors) 


Cl  :=  if 


->0.2, 


P  u  8  u3  ^  u2 
+  — ! 


\ 


M 


u3  u2\ 
+  ■ 


•(•P  n  *t'P  n  ^  n3  ^  nlj  ^  1  nlj 

0.85  0.85 


Cl  =  0.782  (excluding  strength  resistance  factors) 
SHEAR  (LRFD  F2,  p.  6-56) 

3  -  3  AXIS 


2  -  2  AXIS 


X  :=. 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore; 


*  w 

418 

.^Fyw 

r1  =  61.6 

523 

r2  =  77.1 

-^Fyw 

Vn3  :=  0.6-Fyf.Af 


Vn2  :=  if(A.^r1 ,0.6  Fyw  A^,0 
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V  ,2  :=  ifl 


418 


(r1  <A.)  (A,<r2),0.6  Fyw  A ^2 

/  n  \ 


‘  W/ 


V  ,2  :=  ifl 


r2<X,. 


132000A 


w 


V 


h\^ 


'  w/ 


n2 


n3  •-  •t’  n3 


<|)V  n2  it*  n2 


(fjV  p3  =  99.4  kips 


(l)Vn2=199  kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 

F  y  :=  0.6  (t)  y-Fy  (eq.  LRFD  H2-2) 

Combined  Shear  and  Torsion  stress: 


*0“ 


M 


v3  - 


1  P  3 


2tfAQ  Af 


fy3  =  1.51  ksi 


v3 


0.0609 


M 


v2 


2tfAo  Ay, 


fy2  =  0.513  ksi 


v2 


=  0.0207 


DEMAND  CAPACITY  FRATIO  (OCR) 


DCR  := 


max(  DCR )  =  0.782 
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APPENDIX  D11 

San  Luis  Obispo  Tubes  Below  Windows  (TS  7x7x3/16) 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed..  1994) 


NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  member  axis  definitions  below 


TOWER  :  steel  Braced  Frame  (San  Luis  Obispo,  CA) 
MEMBER  :  TS  7x7x3/16  ;  tubes  at  base  of  window 
ANALYSIS  RUN  :  SLO  1 
APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  -I  (+).  positive,  represents  tension 
P  1  (-).  negative,  represents  compression 


P  ^  - 10.0  kips 

M  1  :=  6 

kip  in 

V2  :=-13.7kips 

M2-  145 

kip  in 

the  1  axis  is  the 
longitudinal  axis  out 
of  the  page 

V  3  :=  -2.4  kips 

M  3  :=  390 

kip  in 

P2==jV2i 

P3-I  V3I 

Mi:=i 

M  1  I  M  2  —  1  M  2  1 

M3:=|M3| 

ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 


A  :=  5.02  in^ 

d  :=  7.0  in 

1  3  :=  38.5  in" 

t  y,  :=  0.1875  in 

1  2  :=  38.5  in" 

b  f  :=  7.0  in 

Z^:=  12.7  in^ 

tf:=  0.1875  in 

Z2  :=  12.7in^ 

J  :=  60.2  in" 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  46  ksi 

G  ;=  11 200  ksi 

Fu  :=  58  ksi 

Fr  :=  10  ksi 

Fyf  :=  Fy 

F  L  :=  Fyf  -  Fr 

Fyw  :=  Fy 

CALCULATED  PROPERTIES 

Ae-A 


USACERLTR  99/04 


k  nt3  :=  0.65 
k  p,t2  ==  0-65 
k  |t3  :=  2.10 
k  |t2  :=  2.10 
Lb3  :=  115.0  in 
L  |j2  •”  1 15.0  in 

(|>  b  :=  0.90 
4.  y  :=  0.90 
4,  ty  :=  0.90 
4.tf:=  0.75 


K  values  by  LRFD 
Table  C-C2.1 


4.  g  :=  0.85 
Cb:=10 
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AXIAL  CHECKS 

TENSION  (LRFD  D,  p.  6-44) 

<t>P  nt  ==  A  e^'t>  ty'"y  A.  A  e)’^  ty'^V-A] 

(t)P  =  208  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 
Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 

190 

^  p_flange  •' 


(eq.  LRFD  D1-1) 
(eq.  LRFD  D1-2) 


Flanges  of  square 
and  rectangular  box  and 
hollow  structural  sections 
(for  b/t  ratio) 


^  p_flange  “ 


r_flange  • 


238 


^  r_flange  = 


flange  •“  j" 


^  flange  “  ^  flange*'  ^  r_flange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


p_web 


:=  if 


I  P 


b’P  ■ 


->0.125 


i£Li2.33— 


p_web 


:=  if 


2.75-P  ,,\ 


Pu==!Pi 

P  y  :=  Fy  A 

'"'.(2.33-.  ^ 


4^  \  *•’  b’Py/  ^ 


"  -<0.1251.-^.!  1- 


lin-Py  l'4^\  't’b-Py 


p_web 


970 


r  web 


•  1  -  0.74  - 


'•’b-Py/ 


^  p_web  -  *1-9  X.  rjweb  “ 
member  values 

h 


^  web  7 — 
^  w 


^  web  ~ 


^  web'^  ^  r  web 


OK 
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,  .J^\t3-^b3  ^\\2-^b2  '<lt3  '-b3  '<lt2  Lb2  fFy\  , 

X  :=  If: - > - , - •  -L, - •  (eq.LRFD  E2-4) 

r3  r2  r3-7t  E  r2-7t  W  E  y 


Xc  =  l-ll 


0.877 


F^r- if' ^c^l-5. 0-658  "  .Fy,...^  Fy 


F  j.p  =  27.6  ksi 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 


<t>P  nc  ■■  ‘t’  c‘^  cr‘^ 


(j)P  p  if^P  .|<0,(j)P  nt) 


(eq.LRFD  E2-1) 


,t,Pp=  118 


BEAM  CHECK  (ch.  F,  p.  6-52) 

F1 .2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3  -  3  AXIS  2  -  2  AXIS 

^  p3_initial 3  ^  p2_initial 2 

M  y3  :=  Fy  S  3  y2  2 

M  p3  :=  if  .(Fy.Z  3<1.5  Fy-S  3,Fy.Z  3.  l.S-Fy-S  3) 

^  p2  ==  z 2^1-5-Fy  s  2. Fy  z  2.  i-^  Fy-s  2) 


Mp3  =  584  kip -in 

(a) ;  rectangular  bars  and  box  sections 
3  -  3  AXIS 

3750  r5 

I  ^ 


Mp2  =  584  kip -in 

2-2AXIS 


(eq.  LRFD  F1-5) 
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Mr:=Fyf.S3 


Lr- 


57000  r2 
Mr 


JA 


^  nLTB  inelastic  ’  ^  b' 


(eq.  LRFD  F1-10) 


Mp3-(Mp3-“t)lY^ 


(eq.  LRFD  FI-2) 


^  nLTB  inelastic  = 


kip -in 


2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 

(a) :  l-shaped  members  and  channels 
3-3  AXIS 


2-2AXIS 


M 


nLTB  elastic  •“ 


57000  C 

l^hl] 

\  ^2 


(eq.  LRFD  FI-14) 


nLTB_elastic  ==  nLTB_elastic-'^  p3’  nLTB_elastic>  p3)  '-RFD fi-12) 
nLTB_elastic  = 

M„3^="(>-b2<l-p.Mp3.«)  “n2^=“p2 

n3  ==  '^[  (L  p-*-  b2)  •  (•-  b2-‘-  r)  >  nLTBJnelastic*  n3] 

^  n3  •“  '^[  r-*-  b2)  ’  nLTBJnelastic’  ^  n3] 

Mn3  =  584  kip  in  M  ^2  =  584  kip-in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

^  flange  ”  ^  p_flange 


M 


M 


nFLB 


:=  C  h- 


M 


p3  -  p3  ”  ^  r 


^  r_flange  “  ^  p_flange  /  J 
nFLB  '^[  flange^  ^  p_flange) '  nFLB'^  M  p3^ ,  M  ppL0 ,  M  p3j 

^  web  ~  ^  p_web 


(eq.LRFDA-F1-3) 


nWLB  =-  C  b 


Mp3-(Mp3-Mr) 


r_web  “  ^  p_webi 


(eq.  LRFDA-F1-3) 
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nWLB  '=  '^[  web>  ^  p_web)  ’  nWLB<  ^  ps)  ,  M  ,  M  pj] 

M  n3  :=  if  (M  npLB<  M  n3  >  nFLB  >  ns) 

M  n3  :=  if  (M  nWLB<  ^  nS ,  M  nWLB ,  M  ps) 

M  p3  =  514  kip  in 


INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  C1) 

Mnt  :=0 
B1  :=  1 


NOTE:  As  the  product  of  M  pfBI  is  zero,  B1  was  set  to  1  for  simplicity. 


3  -  3  AXIS 

^  Its  ^  3 


c3 


ItS'^-bS 

r^n  aIe 


e2  3  - 


A  Fy 


B23:=. 


^  c3 
1 


1  - 


1 


e2  3 


B2  3  =  1.06 


2 . 2  AXIS 


M  1^  M 


c2 


_  *^lt2  '-b2 
ro  n  E 


B2  ,  := 


11 

,  2 
^  c2 

1 

1 

P1 

•'e2_2 
B2  2  =  1-06 


u3  •=  1  >  ®  nt  Its  >  nt  3-M  its) 

u2  nf*"  It2'®^  '^  nt  +  2  ^  112) 

M  y3  =  412  kip-in  M  ^2  =  *^3  kip-in 
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Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  p.  6-59) 
let  C  =  combination  factor 
NOTE;  C  should  be  less  than  or  equal  to  1 .0 


P  •=  i  P  < 
^  u  •  r  1 


P  u  S  I  ^\i3 


Pu  /  l^uS 
- +  - +• 


C:=if  +  - —  + - ^ _ _  _ - — 

<t>Pn  't'Pn  ^\‘l'b  ’'^n3  <!>  b’*^  n2/  2-<t>P  n  \<l>  b"'''’ n3  ^  h'^  nlj 

(eq.  LRFD  H1-1a)  (eq.  LRFD  Hl-lb) 

C=1.22  (including  strength  resistance  factors) 

OH  x  8/''^u3  ''^u2\  Pu  /''^u3  '^u2\ 

C1  :=  if  - >0.2, - +  — I - + -  , - +  - + - 

<|,Pn  4>Pn  9\Mn3  M  ^2/  ^  <t.P  n  n3  ^  ^2/ 

0.85  0.85 


C1  =  1.1 


(excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2,  p.  6-56) 
3-3AXIS 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 

Vn3  :=  0.6  Fyf.Af 


.:=JL 

^  w 

r1  •= 

^Fyw 

r1  =  61.6 

r2:= 

/^Fyw 

r2  =  77.1 

V  p2  •=  ,0.6  Fyw  Ay|,,0 


Vn2:=  if  (r1  ^>^)  (A.<r2),0.6  Fyw  A^ 


<^Fyw 
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132000-A, 


Vn2  :=  if  r2<X,. 


n3  't'  n3 


(t)V  n2  <t>  n2 


())V  _3  =  65.2  kips 


(|)\/  p2  “  65.2  kips 


Unsymmetric  members  and  members  under  torsion  and  combined  torsion,  flexure, 
shear,  and  /  or  axial  force  (LRFD  H2,  p.  6-60) 

Limiting  Shear  Stress  Value 


F  y  :=  0.6  (1)  ^  Fy 


(eq.  LRFD  H2-2) 


Combined  Shear  and  Torsion  stress: 


Ao- (bf-tf)(d-tw; 


2tfAo  2-Af 


P2 

f  2  - - + - 

2.tf.Ao  2.A^ 


f  y3  =  0.802  ksi 


f  y2  =  2.95  ksi 


=  0.0323 


=  0.119 


DEMAND  CAPACITY  RATIO  fPCR) 


OCR  := 


max(DCR)  =  1.1 
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APPENDIX  D12 

San  Luis  Obispo  Tubes  Above  Windows  (TS  7x7x3/16) 
Evaluation 

(based  on  AISC-LRFD,  2nd  ed.,  1994) 

NOTES :  -This  Sheet  is  for  Rectangular  Structural  tube  members 
-Note  member  axis  definitions  below 


TOWER  :  Steel  Braced  Frame  (San  Luis  Obispo,  CA) 

MEMBER  :  TS  7x7x3/16  ;  tubes  at  top  of  window 

ANALYSIS  RUN  :  SL01 

APPLIED  LOADS  :  100%  NEHRP-97  +  self  weight 

MAXIMUM  REACTIONS  : 

P  ■\  (+),  positive,  represents  tension 
P  ^  (-),  negative,  represents  compression 


;=  7.3 

kips 

M  1  ;=  1 

kipin 

the  1  axis  is  the 

:=-6.6 

kips 

M  2  :=  -74 

kip  in 

longitudinal  axis  out 
of  the  page 

;=  1.9 

kips 

M  3  :=  244 

kip  in 

;=jV2 

i 

i 

=  iV3 

1 

M  1  := 

M  1  1  M  2  •—  1  M  2  j 

M  3  :=  1  M  3  J 

ANALYSIS  NOTES 


-In  considering  second  order  effects  of  the  building  systems,  the  moment  reactions  above 
Ml,  M2,  and  M3  were  computed  including  lateral  translation  of  the  frame  joints.  Moment 
reactions  where  the  frame  is  restrained  against  lateral  translations  were  not  computed,  and 
therefore  have  values  of  zero  when  the  stresses  are  combined  in  the  final  section  of  this 
sheet. 
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SECTION  PROPERTIES 

A  :=  5.02  in^ 

d  :=  7.0 

in 

nt3  •= 

1  3  :=  38.5  in'* 

0.1875 

in 

k  nt2  ==  0-65 

K  values  by  LRFD 
Table  C-C2.1 

1  2  :=  38.5  in'* 

b  f  :=  7.0 

in 

k  |t3  :=  2.10 

Z3  :=  12.7  in^ 

t  f  :=  0.1875 

in 

k  1^  1=  2.10 

Z2  :=  12.7in^ 

L  b3  :=  144.7  in 

J  :=  60.2  in'* 

L  132  ;=  144.7  in 

MATERIAL  &  CODE  PROPERTIES 

E  :=  29000  ksi 

Fy  :=  46  ksi 

0 

0 

II 

.Q 

(f)  0.85 

G  ;=  11 200 ksi 

Fu  :=  58  ksi 

<|)  V  :=  0.90 

0 

II 

.Q 

0 

Fr  :=  10  ksi 

Fyf  :=  Fy 

«t>  ty  :=  0-90 

F  L  ;=  Fyf  -  Fr 

Fyw  :=  Fy 

:=  0.75 

CALCULATED  PROPERTIES 
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AXIAL  CHECKS 

TENSION  (LRFD  D.  p.  6-44) 

<t)P  nt  ==  ty'"y-A.  («!>  e)  ty’f'yA] 

(|)P  pt  =  208  kips 

COMPRESSION  (LRFD  E,  p.  6-47) 

E2.  Design  compressive  strength  for  flexural  buckling 

Limiting  values  for  local  buckling  (LRFD  Table  B5.1) 

,  190 

^  p_flange  •' 


(etj.  LRFD  D1-1) 
(eq.  LRFD  D1-2) 


Flanges  of  square 
and  rectangular  box  and 
hollow  structural  sections 
(for  b/t  ratio) 


flange  ■ 


^  r_flange  •“ 


flange 


p_flange 
=  34.3 


238 

r_flange 
^  flange ^  r_flange 


Webs  in  combined 
flexure  and  compression 
(for  h/t  ratio) 


Pu==iPl 

P  y  :=  Fy-A 


^  p_web  ■“ 


\\l  Pu  \ 

Pu  \^253 

lj2L.k.33-  1“^' 

ilH-Py  '  1 

k 
_ 1 

H-Pyj  4^^ 

n-Pyj^J 

^  p_web  •“ 


\'t»  b'P  y 

970 

^Fy 


/  f>U  «0  /,  2.75.P„\ 

<0.125  I  1 - - — l>^p_web 


4^  \  ^  b'Py/ 

Pu  \ 


't'  b'Py/ 


^  p_web  "  ^  r_web  “ 

member  values 

h 


web  •“ 


web 


=  34.3 


^  web"^  ^  r  web 


w 
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Xc  =  1.39 

I  ^  0  877  \ 

F„:=  if U  c<1.5, 0.658  Fy,.: — -Fy] 

I  / 

F  cr  =  20.5  ksi 

<t)P  pj.  :=  (j)  c-F  qj  A  (eq.LRFD  E2-1) 


(eq.LRFD  E2-2) 
(eq.LRFD  E2-3) 


p  :=  if^P  .|<0,(|)P  pc.'t'P  nt) 


^P  P  =  208  kips 


BEAM  CHECK  (ch.  F,  p.  6-52) 

FI. 2a.  Doubly  Symmetric  Shapes  and  Channels  for  Lb<Lr 

Lb  =  laterally  unbraced  length  (defined  above  for  the  3-3  and  2-2  axes) 

Lr  =  limiting  laterally  unbraced  length  for  lateral-torsional  buckling 

The  flexure  equations  in  section  2a  are  for  Lb<Lr.  In  the  majority  of  the  members 
in  the  structures,  probably  Lb<Lr  due  to  the  above  slabs  and  roof  diaphragms.  For 
columns  undergoing  sidesway,  Lr  may  be  less  than  Lb  (section  2b.).  In  all  cases, 
the  lateral  bracing  effects  should  be  investigated  in  the  structural  drawings. 

3  -  3  AXIS  2-2  AXIS 

^  p3_initial  ==  3  ^  p2Jnitial  ==  2 

M  y3  ;=  Fy-s  3  M  y2  :=  Fy  S  2 

M  p3  :=  if  (Fy.Z  3<1.5.Fy.S  3,  Fy-Z  3, 1.5.Fy-S  3) 

M  p2  :=  if(Fy.Z2<1.5  Fy.S  2.Fy  Z  2, 1.5  Fy  S  2) 

Mp3  =  584  kip-in  -  M  p2  =  584  kip-in 
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(a) ;  rectangular  bars  and  box  sections 

3  -  3  AXIS  2 -2  AXIS 


3750-r  o  / 

Lo:=  ^-VJA 

“p3 

(eq.  LRFDF1-5) 

M,;=  FyfS, 

57000 -r  5  / 

1,:=  WJA 

Mr 

(eq.  LRFD  F1 -10) 

^  nLTBJnelastic  b' 

Mp3- 

P  l\ 

(eq.  LRFD  FI-2) 

nLTB  inelastic 

=  587 

kip  in 

2b.  Doubly  Symmetric  Shapes  and  Channels  with  Lb>Lr 

(a) :  l-shaped  members  and  channels 

3  -  3  AXIS  2 -2  AXIS 

57000  C  ijm/Ja 

^  nLTB  elastic  - j] - \ 

!'-b2\ 

\  '2 


^  nLTB_elastic  ■”  nLTB_elastic-*'^  p3’^  nLTB_elastic»^  po)  (eq- lrfd F1-12) 
nLTB_elastic  = 

nS^"' '^('-b2<^P’'^  p3>®)  Mn2:=Mp2 

^  n3  ==  'f[  (■-  p-^  b2)  •  b2^*-  r)  •  ^  nLTBJnelastic-  ns] 

M  n3  '^[  (*-  r^*-  b2)  ’  nLTBJnelastic >  ns] 

M  p3  =  584  kip  in  n2  =  Idp-in 

Check  local  limit  states:  (LRFD  Appendix  F,  p.  6-111) 

^  ^  ^  flange  “  ^  p_flange 
r_flange  “  ^  p_flange 


(eq.  LRFDA-F1-3) 


nFLB  ==  C  b'  p3  -  p3  - 
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M 

M 

M 

M 

M 


nFLB  •“  flange^  ^  p_flange) '  nFLB^  ps)  .  nFLB  >  ps] 

/  ^  web  “  ^  p_web 


nWLB  ■-  ^  b' 


Mp3- (Mp3- Mr 


r_web  “  ^  p_web/ 
nWLB  web^  ^  p_web)  ‘  nWLB*^  ps)  ’  ^  nWLB  >  ^  ps] 


(eq.  LRFDA-F1-3) 


n3  nFLB<  n3  ’  nFLB  ’  ns) 

n3  ==  nWLB<  n3>  nWLB>  n3) 


Mp3  =  514  kip-in 


INTERACTION  EQUATIONS 

Second  Order  Effects:  (LRFD  Cl) 

Mpt  := 
B1  :=  1 


NOTE;  As  the  product  of  M  p(  B1  is  zero,  B1  was  set  to  1  for  simplicity. 


3-3  AXIS 
M  |t3  :=  M  3 


c3 


_  ^  It3  ‘-b3 
r^-n  E 


e2  3 


623== 


3 

A-Fy 

>^c3' 
1 


1  - 


1 


e2  3 


2-2AXI$ 


M  1^  M  2 


c2 


_  ^  It2  ‘-b2  /py 
r  2-Jt  'V  ^ 


e2  2 


2 

A_Ty 

2 
c2 


B2  o  := 


1  - 


e2  2 


B2  3  =  1.07 


B2  2  =  1-07 
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M  u3  ;=  if  (P  i> 0 ,  M  nt  +  M  |t3 .  B1  -M  pj  +  B2  3.M 

u2  -1  >  0 ,  M  4-  M  1(2 ,  B1  -M  -j-  B2  2  ^  1(2) 


M  y3  =  244  kip -in 


M  y2  =  74  kip  in 


Symmetric  Members  Subject  to  Bending  and  Axial  Forces  (LRFD  HI  .1 ,2  p.  6-59) 
let  C  =  combination  factor 

NOTE:  C  should  be  less  than  or  equal  to  1 .0 


^  u  ■”  i  j 


C  :=  if 


■  >0.2, 


8  /  u3 


M 


u2 


/  M 


u3 


M 


u2  \ 


‘t>Pn  •t’^n  ^  \<l>b  '^n3  '!>  b  '''' n2/  2-'|>P  n  \<l>  b'’'^' n3  <1*  b'l^  n2/J 

(eq.  LRFD  H1-1a)  (eq.  LRFD  H1-1b) 

C  =  0.685  (including  strength  resistance  factors) 


Cl  ;=  if 


M 


u3 


Mu2\ 

<t>P  n  't'P  n  ^  n3  *^02/  ^ n  \'^  n3  ^r\2j 


u  P  u  8  u3  u2 

->0.2, - — ITT —  + 


Cl  =  0.616 


0.85  0.85 

(excluding  strength  resistance  factors) 


SHEAR  (LRFD  F2,  p.  6-56) 
3  -  3  AXIS 


Flanges  will  not  buckle  due  to 
shear  as  in  the  web.  Therefore: 


2  -  2  AXIS 


r1  := 


r2  := 


418 

<^Fyw 

r1  =  61.6 

523 

r2  =  77.1 

i^Fyw 

Vn3  :=  0.6.Fyf  Af 


V  n2  :=  if  , 0.6  Fyw  A  , 
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